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The motivation to interact with others and the feeling of reward following a
social interaction is integral to the development and maintenance of successful so-
cial relationships. For those with autism spectrum disorder (ASD) successful social
interaction is often more challenging relative to those who are neurotypical (NT)
and atypical social reward processing may contribute to such deficits. However,
our understanding of the relationship between brain systems associated with re-
ward and higher-order social-cognitive processing during both typical and atypical
development is limited. Middle childhood is an important time to examine the de-
velopment of the functional relationship between these brain systems as this is a
time when children’s social worlds expand in size and complexity and those with
ASD often fall behind. The goal of the current dissertation is to characterize the
development of the functional relationship between the ventral striatum (VS)—a
hub of reward processing—and other brain regions implicated in reward and social-
cognitive processing during an interactive social context in middle childhood. Using
novel Bayesian multilevel modeling, Aim 1 examines VS functional connectivity
within the NT group while Aim 2 examines group differences between the ASD
and NT groups. Finally, given that heterogeneity is ubiquitous in both NT and
ASD populations, Aim 3 takes a dimensional perspective through examining VS
connectivity as a function of individual differences in autistic traits and subjective
reports of social reward within the entire sample. Results suggest that participant
age may be particularly important for the development of the relationship between
reward and social-cognitive brain systems, such that older children of both groups
exhibit greater sensitivity the absence of a social reward and to the contingency
of a non-social reward. This dissertation underscores the importance of examining
multidimensional heterogeneity in both NT and ASD populations.
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The motivation to interact with others (i.e., social motivation) and the feeling
of reward following a social interaction (i.e., social reward) is a pivotal experience
for the development and maintenance of successful relationships. However, for those
on the autism spectrum—a disorder (ASD) characterized in part by deficits in social
communication (American Psychiatric Association, 2013)—successful social interac-
tion is often more challenging relative to those who are neurotypical. One possibility
is that those with ASD experience a diminished motivation to seek out others and
a reduced feeling of social reward, which could have negative effects on higher-order
social-cognitive processing. While the evidence for reduced social motivation and
social reward in ASD is mixed (Bottini, 2018; Clements et al., 2018), there are
important gaps in the literature. First, the use of standard functional magnetic
resonance imaging (fMRI) activation analysis may not fully appreciate the interac-
tions between reward and social-cognitive brain systems and second, non-interactive
social stimuli and individual differences (e.g., sample age, symptom severity) may
obscure results. The goal of this dissertation is to examine the functional integration
between the ventral striatum—hub of reward processing—and other regions associ-
ated with reward and social-cognitive processing during an interactive social reward
within children who are both neurotypical and those on the autism spectrum.
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The brain’s domain-general reward system is essential to the processing of so-
cial rewards. As a central hub to this system, the ventral striatum (VS) responds
in coordination with both cortical (e.g., ventral medial prefrontal cortex (vmPFC)
and orbitofrontal cortex (OFC)) and subcortical regions (e.g., amygdala, ventral
tegmental area) (Haber & Knutson, 2010; Sesack & Grace, 2010). One theory of
reward processing, the common currency theory, suggests that the brain converts
potential rewards into a single currency of valuation for the purpose of comparison
and choice (Levy & Glimcher, 2012). For example, the VS is thought to signal the
presence of a reward in the environment regardless of modality, while the vmPFC
and OFC are thought to convert the reward into a stimulus-specific subjective he-
donic representation (Levy & Glimcher, 2012; Kahnt et al., 2010; Sescousse et al.,
2015). While this theory provides a framework for domain-general reward process-
ing, it is unclear whether domain-specific social reward processing falls under the
purview of the aforementioned framework or whether the complexity of social stimuli
necessitate the recruitment of other brain areas.
Expanding on the common currency framework, the so-called extended com-
mon currency schema suggests that brain regions associated with higher-order so-
cial processing (e.g., temporoparietal junction (TPJ), dorsal medial prefrontal cortex
(dmPFC), anterior temporal lobe (ATL), and precuneus) exert influence onto value-
coding regions of the reward system (e.g., VS, vmPFC), which aids in the complex
representation of social rewards (e.g., self-other distinction, knowledge of a social
partner’s traits, representation of a social partner’s mental state) (Ruff & Fehr,
2014). The extended common currency schema stands in juxtaposition to another
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theory of social reward processing: social-valuation-specific schema, which posits
that social and non-social rewards are processed using distinct neural populations
within the reward system (Ruff & Fehr, 2014). Using multi-variate pattern analy-
sis methods, evidence in favor of the extended common currency schema suggests
that there is an overlap between the neural populations that process both social
and non-social rewards in the VS (Wake & Izuma, 2017) and vmPFC (Chavez &
Heatherton, 2015), which casts doubt on the distinct neural populations predicted
by the social-valuation-specific schema. Further, in addition to the reward system,
regions implicated in social-cognitive processing also show greater activation during
social decision making (Morishima et al., 2012; Nicolle et al., 2012; van den Bos et
al., 2013) and social rewards modulate functional connectivity between regions of
the reward and social-cognitive systems (Hare et al., 2010; Janowski et al., 2013;
Smith et al., 2014; van den Bos et al., 2013). Thus, while social rewards certainly
rely on valuation-specific regions of the reward system, it is likely that they also
recruit regions of the social brain more broadly. However, it is currently unknown
how these two systems co-develop in children who are typically developing as well
as on the autism spectrum.
Related to the extended common currency schema, the social motivation the-
ory of autism predicts that blunted social motivation and social reward processing
has a cascading effect on social-cognitive processing (Chevallier et al., 2012). In
support of this theory, those on the autism spectrum show reduced social orienting
(e.g., attending to faces, responding to social sounds), less seeking and liking of so-
cial interactions (e.g., spontaneous collaboration, self-reported pleasure in response
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to social situations), and diminished social maintaining behaviors (e.g., normative
conversational greetings and farewells, altering one’s behavior to match social con-
text). Further, regions of the reward system (e.g., VS) show reduced response to
social rewards( for review of behavioral and neural evidence of the social motiva-
tion theory see Chevallier et al., 2012). However, recent criticism suggests that
researchers mistakenly infer reduced social motivation and social reward by examin-
ing ambiguous behaviors through a neurotypical lens (e.g., while attending to faces
may be one index of social motivation, a reduction in this behavior is not necessarily
evidence for the opposite) (Jaswal & Akhtar, 2018). Recent meta-analyses of both
behavioral and neural indices of the social motivation theory have found mixed re-
sults, such that those with ASD may exhibit atypical processing of both social and
non-social rewards, rather than a deficit in social reward processing specifically. In
addition, methodological limitations (e.g., task design) and individual differences
(e.g., age, symptom severity) may further convolute the literature (Bottini, 2018;
Clements et al., 2018). This past work is limited in two ways, first, previous fMRI
studies in ASD only examine neural activation and not the co-activation of diverse
brain systems as predicted by the extended common currency schema and second,
all previous studies have examine social rewards within a non-interactive context.
Humans experience the social world through real-time social interactions, how-
ever most prior fMRI studies of social reward and social processing more broadly
within both neurotypical and ASD samples use static, non-interactive social stimuli
(e.g., pictures of smiling faces). An interactive context has been shown to funda-
mentally alter processing within domains such as language processing (Pickering &
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Garrod, 2013), joint attention (Sebanz et al., 2006), and social attention (Risko et
al., 2012) due to the fact that real-time social interaction engenders a reciprocal and
dynamic rhythm that proves important for interpersonal understanding (Schirmer
et al., 2016; Zaki & Ochsner, 2009). In addition, an interactive context has been
shown to modulate brain activity in neurotypical adults within regions implicated in
reward and social-cognitive processing, even in the absence of explicit reward and/or
social-cognitive task demands (Redcay et al., 2010; Rice & Redcay, 2016; Schilbach
et al., 2010). The recruitment of reward and social-cognitive systems during social
interaction suggests that 1) aspects of social interaction may be intrinsically reward-
ing and 2) an interactive context may automatically activate the representation of a
social partner in preparation for interaction, respectively (Redcay & Warnell, 2018).
While neuroimaging studies of real-time social interaction are becoming more
prevalent in neurotypical samples, relatively fewer experiments have examined the
neural bases of an interactive context in ASD, an important gap given that social
deficits in ASD are often exacerbated in real-world contexts (Schilbach et al., 2013).
Results from the few studies that have examined the neural bases of social interac-
tion in ASD suggest that regions within the reward (e.g., VS) and social-cognitive
(e.g., TPJ, dmPFC) systems are hypoactive in ASD relative to neurotypical controls
(Assaf et al., 2013; Redcay et al., 2013). Thus, for an ecologically-valid assessment of
the functional relationship between the reward and social-cognitive brain systems in
both neurotypical development and ASD, researchers must examine brain function
during an interactive context.
In addition to limitations in task design, another possible factor contributing
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to the inconclusive meta-analyses on the social motivation theory (Bottini, 2018;
Clements et al., 2018) is sample age. Clements et al., 2018 found that mixed sup-
port for atypical social reward processing in ASD could be driven by age-related
differences in samples, such that younger ASD samples exhibited hypoactivation
within the VS in response to social rewards but not the older samples (Clements
et al., 2018). Middle childhood (between the ages of 8- and 12-years old) is an
important time to examine the neural bases of social reward in ASD as those on
the spectrum increase in rates of social withdraw (Anderson et al., 2011) and fall
behind with respect to theory of mind abilities (Bal et al., 2013). Further, this age
range is an important time for typical social and neural development. As children’s
social sphere’s expand in both size and complexity (Carr, 2017), social competence
(Monahan & Steinberg, 2011; Parker et al., 2015) and performance on laboratory-
based theory of mind tasks also increase (Apperly et al., 2011; Dumontheil et al.,
2010; Rice et al., 2016). Finally, middle childhood is also a time of functional
specialization within the social brain for social reward (Warnell et al., 2017) and
social-cognitive processing (Gweon et al., 2012; Saxe et al., 2009), as well as more
general functional network organization (de Bie et al., 2012; Muetzel et al., 2016;
Supekar et al., 2010). Thus, middle childhood provides an important window in
which to examine the interaction between reward and social-cognitive brain systems
in neurotypical and ASD samples during a real-time social interaction (Redcay &
Warnell, 2018).
The current dissertation examines the functional relationship between a hub of
the reward network (VS) and other regions implicated in reward and social-cognitive
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processing during a real-time social interaction in children who are neurotypical and
those on the autism spectrum. We use a rewarding social interaction task (Warnell
et al., 2017) that can examine the motivation to initiate a social interaction through
sharing self-relaant information with a social partner as well differentiate between
the receipt of a social versus non-social reward, as well as reward contingency. Using
a novel Bayesian multilevel modeling approach (G. Chen et al., 2019), we leverage
the pooled information between multiple regions of interest within the reward and
social-cognitive brain systems. In addition, to examine the specificity of our re-
sults, we also include control regions within the motor, primary auditory, and visual
cortices.
In Aim 1, we focus on characterizing how VS functional connectivity is modu-
lated by the various task conditions within the neurotypical (NT) sample (N = 63).
We hypothesize that VS functional connectivity will increase in response to the mo-
tivation to interact with a social partner within both the reward and social-cognitive
ROIs, but not the control regions. With respect to social reward, we also expect
that VS functional connectivity will increase within the reward and social-cognitive
ROIs, but not the control regions. Further, we expect that this effect will be spe-
cific to social reward and not merely the presence of a social partner (i.e., reward
contingency by partner type interaction). We also expect that VS functional con-
nectivity as described above will increase as a function of age. In Aim 2, we examine
group differences between age- and sex-matched ASD and NT samples (N = 31 in
each group). We expected that VS functional connectivity to all conditions will be
blunted in the ASD compared to the NT sample. In addition, given that children
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with ASD often fall behind socially during this age, we predict that age will not be
related to increases in VS functional connectivity. Finally, given that heterogeneity
is ubiquitous in both ASD and NT populations, in Aim 3 we take a dimensional
approach to individual differences in the entire sample (Easson & McIntosh, 2019;
Elton et al., 2016). Here we examine VS functional connectivity as a function of in-
dividual differences in participant’s post-scan subjective reports of social motivation
and social reward, as well as autistic traits as reported on a parent questionnaire
(Constantino & Todd, 2003). We hypothesize that VS functional connectivity will
be positively related to subjective reports of motivation and reward and negatively
related to autistic traits. This dissertation is the first study to examine functional
connectivity between regions implicated in reward and social-cognitive processing
during a real-time social interaction in either NT or ASD samples and will have im-
portant implications for understanding how the typically- and atypically-developing




We recruited a cross-sectional sample of children between the ages of 8 and 14.
Overall 89 families with children who are neurotypical (NT sample) and 44 families
with children with autism (ASD sample) participated in the study. Families in the
NT sample were recruited from University of Maryland’s Infant and Child Studies
database, whereas families in the ASD sample were recruited through a combina-
tion of external advertisement (e.g., fliers at public schools) and relevant electronic
mailing lists. Participants were native English speakers and had normal hearing and
normal or corrected-to-normal vision. Further, participants in the NT sample had
no first-degree relatives with autism. Autism diagnosis in the ASD sample was con-
firmed through the administration of the Autism Diagnostic Observation Schedule,
Second Edition (ADOS-2) (Lord et al., 1989) given by a research-reliable practi-
tioner. Participants in both samples came into the lab for a behavioral battery (see
Behavioral Measures). Then, during a separate visit, participants came to the Mary-
land Neuroimaging Center for an MRI scan (see Interactive Chat Task). Parents
were monetarily compensated and children were given a toy for their participation.
All protocols were approved by the University of Maryland Institutional Review
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Board and implemented in accordance with relevant guidelines and regulations.
After data collection, 38 participants were excluded from analysis for either
failure to complete the scanning task (4; 2 NT, 2 ASD), failure to believe the live
social interaction illusion (11; 9 NT, 2 ASD), or excessive head motion (see fMRI
Preprocessing) (23; 14 NT, 9 ASD). Our final sample consisted of 63 participants in
the NT group (28 female, mean age = 11.04, sd = 1.61) and 31 participants in the
ASD group (3 female, mean age = 12,00, sd = 2.01). For between-group comparisons
we mean-matched an NT group to match the ASD group on age-, sex-, and IQ so
that both groups consisted of 31 participants (3 females in each group) and did not
differ with respect to age (t(60)=0.87, p=0.39), head motion (t(60)=1.26, p=0.21),
or full scale IQ (t(60)=0.43, p=0.67) (see figure 2.1 for age and IQ distributions for
the matched groups).










Figure 2.1: Age and full scale IQ distributions for the matched ASD and NT samples.
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2.2 Behavioral Measures
Participants were given the Kaufman Brief Intelligence Battery, which mea-
sures both verbal and non-verbal IQ (Kaufman & Kaufman, 2004). To ensure that
our results are not due to individual differences in participant intelligence, we use the
composite full-scale IQ as a covariate in all of our functional connectivity analyses.
In addition, parents were given the Social Responsiveness Scale (SRS) to measure
autistic traits in their children along a continuum. (Bölte et al., 2008; Constantino
& Todd, 2003). In the current study we use the total raw score as an index of
autistic traits and the motivation domain sub-scale as an index of social motivation.
2.3 Interactive Chat Task
2.3.1 Pre-scan procedure
The procedure and task design in this dissertation are identical to the task
reported in Warnell et al., 2017. Before the fMRI scan all participants underwent a
mock scanner protocol to ensure that they understood the task and to establish the
live social interaction illusion. First, participants were given a short practice session
analogous to the MRI task in which they answered ’yes’ or ’no’ questions about
themselves (e.g., ”I like cookies”). Second, once the experimenter was confident
that participants could answer the questions in the appropriate time window (3.5
seconds, based on the timing in the Task Design), the participant was removed from
the mock scanner and given a full description of the interactive chat task.
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For the task description, participants were told that they would answer ques-
tions about themselves and that sometimes their answers would be shared with a
peer who is in another lab. The experimenter explained that sometimes the peer
is be able to send responses back to the participant (i.e., ”Me too!” and ”That’s
not what I picked”). This dissertation will refer to the ”Me too!” response as the
peer-agree reply and ”That’s not what I picked” as peer-disagree reply. The ex-
perimenter also explained that sometimes the peer is not able to respond because
they are sometimes required to play another game at the same time, but that the
peer will still see the participant’s answers. When the peer is away, participants are
presented with an ”I’m away” message from the peer (subsequently referred to as
a peer-away reply). The experimenter then explained that sometimes the partici-
pant’s answers are sent to a computer, which will randomly choose an answer that
either matches (”Matched!”) or does not match (”Mismatched!”) the participant’s
answer. These reply types will be referred to as computer-agree and computer-
disagree, respectively. Participants were then, told that the computer occasionally
becomes disconnected and is unable to randomly choose an answer. For these re-
sponses, participants were presented with a ”Disconnected” message (subsequently
referred to as computer-away). Finally, following the explanation of the task, the
experimenter asked a series of comprehension questions to ensure that the partici-
pants understood the difference between the peer and computer conditions, as well
as the different reply types. See Figure 1 for a detailed description of the task and
response types.
After the explanation of the task, participants were told that it was time to
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find a chat partner in another lab, after which the experimenter took a photograph
of the participant under the guise of sending it to the other participating labs. Then,
participants were allowed to choose their chat partner from two images of age- and
sex-matched peers (images taken from either Egger et al., 2011 or Google images).
Since previous work has shown that responses from desirable peers are more salient
(Guyer et al., 2009), we allowed participants to choose their chat partner to increase
motivation.
Figure 2.2: Interactive chat task design, reproduced from Warnell et al., 2017
2.3.2 Task Timing
For the fMRI experiment, each trial began with a 0.5 second cue where par-
ticipants were informed of which chat partner they would have for the upcoming
13
trial (i.e., peer’s name or computer). The cue was then immediately followed by a
3.5 second event where participants answered a self-relevant question (e.g., ”I have
a cat”). This period of initiating a social interaction (consisting of both the cue
and question) for each condition will subsequently be referred to as peer-initiation
and computer-initiation. The initiation period was then followed by a 2-6 second
jittered (exponentially distributed around a mean of 3.5 seconds) inter-stimulus in-
terval (ISI) in which participants viewed a fixation cross. After the ISI, participants
viewed a 2 second outcome event where they receive a response from their part-
ner (i.e., peer-agree, peer-disagree, peer-away, computer-agree, computer-disagree,
computer-away). Finally, each trial was separated by another 2-6 second jittered
(exponentially distributed around a mean of 3.5 seconds) inter-trial interval (ITI)
fixation. Thus, due to the jittered ISI and ITI, we are able to statistically disen-
tangle the initiation from the outcome events (Ruge et al., 2009). In addition, each
run is preceded with a 15 second fixation to account for magnetization equilibration
and followed by a 10 second fixation to account for hemodynamic lag. See Figure
2.2 for a detailed description of the task timing.
Participants viewed 52 trials of each initiation type (peer and computer) over
4 runs in the scanner. The self relevant questions presented during the initiation
period were counterbalanced across partner and response type. For the reply period,
participants received 24 trials of each of the following response types: peer-agree,
peer-away, computer-agree, computer-away. While the trials were predominately
agree or away, participants also received 2 disagreement trials per run to make the
interaction seem more naturalistic. Importantly, the current task is designed to test
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social motivation and social reward and not social rejection, negative partner eval-
uation, or social exclusion (Blackhart et al., 2009; Kross et al., 2011). Thus, in the
interest of minimizing disagreement while maintaining ecological validity, we chose
to give participants relatively few disagree trials and these trials were subsequently
excluded from analyses (Warnell et al., 2017). On trials where participants failed
to answer the question in the alloted time window (3.5 seconds), they received an
away message. Both the disagree trials and the initiation and reponse events from
trials where participants did not answer in time were modeled as events of no in-
terest and excluded from analysis. The task is designed as a 2x2 factorial (partner
- peer and computer by contingency - agree and away). For the current study,
we changed stimulus presentation software after a majority of our data had been
collected. Stimuli for 84 participants in the final sample were presented using the
Psychophysics Toolbox (Kleiner et al., 2007) whereas stimuli for the remaining 10
participants were presented using PsychoPy (version 1.83.04) (Peirce, 2007).
2.3.3 Post-scan Questionnaire
Immediately following the scan, participants were given a post-scan question-
naire to measure their subjective impressions of the task. On a 5-point Likert-type
scale, participants rated their motivation and subjective feeling of reward for each of
the two partners (peer and computer) and response types (agree and away). Specif-
ically, participants were asked ”How much did you want to see (peer’s name / the
computer’s) answer to your question?” as an index of their motivation. Participants
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were asked how did you feel when (peer’s name / the computer) agreed with you”
and ”How did you feel when (peer’s name / the computer) was away (or discon-
nected) and did not respond?” to index of their feeling of reward. In addition,
participants were asked to give their open-ended impressions regarding the experi-
ment and if there was anything more to the study than they were told (in order to
probe the success of the social deception).
2.4 Image Acquisition
MRI data were acquired using a Siemens 3 Tesla MAGNETOM Trio scanner
using a 32-channel head coil. A high-resolution T1-weighted magnetization prepared
rapid gradient-echo (MPRAGE) image sequence (192 contiguous sagittal slices; slice
matrix = 512 x 512; voxel size = 0.90 x 0.45 x 0.45mm; TR/TW/inversion =
1900/2.32/900ms; flip angle = 9°). Four runs of functional data were acquired
using an interleaved acquisition T2*-weighted echp planar image (EPI) sequence
(40 interleaved axial slices; slice matrix = 64 x 64; voxel size = 3 x 3 x 3.3mm;
TR/TE = 2200/24ms; flip angle = 78°). 168 EPI volumes were collected per run,
however, due to a change in stimulus presentation software, we altered the timing
parameters to add one a functional volume onto each run. Thus, 10 of the 94
participants in the final sample have 170 rather than 168 volumes per run, however
the stimulus timing did not change. For all functional runs the first 4 volumes of
EPI data were automatically discarded to allow for magnetization equilibrium.
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2.5 fMRI Preprocessing
The functional data were preprocessed with in-house scripts using tools in the
AFNI software package (version 18.0.18) (Cox, 1996). First, the functional data
were corrected for offsets in interleaved slice-time acquisition. Then, transformation
matrices were created to register the structural T1-weighted image and all functional
volumes to a common functional base and for MNI normalization. All transforma-
tions (co-registration and normalization) were then completed during the same step
to minimize interpolation of the functional data. Finally, the functional data were
smoothed using a 5mm full-width half-maximum Gaussian kernel and scaled, such
that each voxel had a mean of 100.
The realignment parameters created during the co-registration step were used
to quantify head motion and create regressors of no interest for the functional con-
nectivity analysis. Frame displacement was defined as FDi = |∆dix| + |∆diy| +
|∆diz| + |∆αi| + |∆βi| + |∆γi| (Power et al., 2012). Runs were excluded if > 10%
of the volumes exceeded 1mm in translation and/or rotation or the run had a max-
imum frame displacement of 4mm. At this step, 14 participants in the NT group
and 9 participants in the ASD group were excluded from further analysis for having
fewer than 3 runs that met our criteria for head motion. Within the final sample
NT sample, 19 participants contributed 3 runs in the analysis, whereas the other
44 participants contributed all 4 runs. Within the matched NT and ASD groups,
both groups consisted of 9 participants in which only 3 runs were included in the
analysis.
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2.6 First-level Functional Connectivity Analysis
To examine the context-dependent functional relationship between the VS
and brain regions implicated in motivational and social-cognitive processing, we
utilized a generalized psychophysiological interaction (gPPI) analysis (McLaren et
al., 2012). Previous simulation analysis has shown that the gPPI framework more
accurately estimates task-based functional connectivity for tasks with trial numbers
and event durations similar to that of the current study (Cisler et al., 2014). To
define our VS seed region of interest (ROI), we constructed a 3.5mm sphere around
the bilateral coordinates associated with the inferior VS, identified using resting
state functional connectivity (MNI coordinates = ±9, 9, -8) (Di Martino et al.,
2008) (Figure 2.3). The mean preprocessed time series within the VS ROI was first
extracted from each run and then deconvolved to represent a time series within the
neural domain. The stimulus timing was used to create a binary ’on’ and ’off’ time
series for each condition of interest (peer-initiation, computer-initiation, peer-agree,
peer-away, computer-agree, and computer-away). The neural time series was then
multiplied by the binary time series for each condition and convolved back to the
BOLD domain, resulting in six interaction terms.
Since the short temporal relationship between the initiation and reply events
may induce response overlap (Ruge et al., 2009), we estimated FC in a two-step
regression analysis. For the initiation phase of the task, we first regressed out the
task information related to the reply events. Here, the first voxelwise regression es-
timated the mean response for all reply events for the factors of interest (peer-agree,
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Figure 2.3: Ventral Striatum Seed Region.
peer-away, computer-agree, computer-away), as well as separate regressors for the
reply events where participants did not answer in time during the corresponding ini-
tiation event and for disagree replies, respectively. The mean response for all events
in all regressions were modeled using a BLOCK hemodynamic response function
in AFNI. We also included de-meaned motion parameters, their derivatives, and
low-frequency drift terms as nuisance regressors. In addition, we censored volumes
where head motion was greater than 1mm in translation and/or rotation from the
model (Power et al., 2014). We then conducted a second regression using the resid-
uals of the first regression. The second regression estimated mean response for the
initiation events of interest (peer-initiation and computer-initiation), as well as a
regressor of no interest corresponding to the initiation events where participants did
not answer in time. For terms relevant to functional connectivity, we included the
time series from the seed VS ROI, as well as the two gPPI terms corresponding to
the peer-initiation and computer-initiation events. Here the contrast of interest ex-
amines voxels that exhibit greater functional connectivity during the peer initiation
compared to the computer initiation events (peer-initiation>computer-initiation).
19
For the reply phase of the task, we first regressed out the task information
related to the initiation events. Here, the first voxelwise regression estimated the
mean response for all initiation events (peer-initiation and computer-initiation), as
well as separate regressors for the initiation events where participants did not answer
in time. As with the previous analysis, we included the same nuisance regressors for
head motion and drift. The second regression estimated mean response for all reply
events of interest (peer-agree, computer-agree, peer-away, computer-away), as well
as reply events where participants did not answer in time during the corresponding
initiation event and disagree replies, respectively. For functional connectivity, we
included the time series from the seed VS ROI, as well as the four gPPI terms corre-
sponding to the peer-agree, computer-agree, peer-away, and computer-away condi-
tions. Here we have three statistical tests of interest: the main effect of each factor
(peer>computer and agree>away) and the interaction between partner and response
type. Finally, four pairwise contrasts were created to examine the directionality
of the aforementioned effects (peer-agree>computer-agree, peer-agree>peer-away,
peer-away>computer-away, and computer-agree>computer-away).
2.7 Regions of Interest
While the aforementioned gPPI analysis was conducted at the voxel level, our
hypotheses examined the relationship between the VS and multiple a priori ROIs.
Given it’s role in the conversion of a reward into a subjective hedonic value (Levy &
Glimcher, 2012; Kahnt et al., 2010; Sescousse et al., 2015), we examined the vmPFC
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Figure 2.4: Functional Connectivity Regions of Interest.
as another node within the reward system. Here we defined bilateral vmPFC ROIs
from a meta-analysis that examines brain regions implicated in the computation of
subjective value (Clithero & Rangel, 2014). Due to it’s role in both reward and
social processing we defined bilateral amygdala ROIs from a study that examined
the relationship between amygdala functional connectivity and social network size
(Bickart et al., 2012). To define ROIs within the social-cognitive system (dmPFC,
ATL, TPJ, and precuneus), we used coordinates from a meta-analysis of theory of
mind tasks (Schurz et al., 2014). While most ROIs were defined bilaterally and
then averaged, only one region was created for the the mideline ROIs (i.e., dmPFC
and precuneus). We chose to keep the TPJ as separate left and right hemisphere
regions because previous work suggests that there may be a differential role in social
processing within the left compared to the right hemisphere TPJ (Saxe & Wexler,
2005; Schurz et al., 2013) Finally, to ensure that our observed effects are specific to
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ROI Left Right
x y z x y z
Reward
vmPFC -2 40 -6 4 30 -16
Amygdala -28 -4 -22 28 -4 -22
Social-cognitive
dmPFC -1 54 24 - - -
ATL -51 0 -19 53 0 -21
TPJ -53 -59 20 56 -56 18
Precuneus 4 -55 34 - - -
Control
Motor -34 -22 56 40 -20 52
Auditory -48 -24 7 59 -20 5
Visual -5 -91 -3 13 -93 2
Table 2.1: Region of Interest coordinates.
our regions of interest, we used NeuroSynth (Yarkoni et al., 2011) to define control
regions within the bilateral motor, auditory, and visual cortices. All ROIs were
created by drawing a sphere with a 5mm radius centered on the coordinates in
Table 2.1 (Figure 2.4).
2.8 Second-level Bayesian Multilevel Model
While first-level analysis occurred at the voxel level, for each participant we
then extracted the mean β estimate for each contrast from each of the aforemen-
tioned ROIs for the a second-level Bayesian multilevel model (BML) (G. Chen et al.,
2019). This BML framework incorporates data from all ROIs for each contrast into
the same model, which simultaneously leverages the shared variance between ROIs
for a more accurate estimation of the effects and removes the multiple comparison
issue when constructing an independent model for each ROI. For each model, we
estimate the outcome β value for each contrast from a serious of explanatory fixed
and random effects. In terms of random effects, each model allows the intercept to
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vary by participant and ROI, as well as allowing the slope of each fixed effect to
vary for each ROI.
For Aim 1, which examines the modulation of VS functional connectivity by
task event, our fixed effect of interest is the intercept, which corresponds to the av-
erage effect of each contrast value (e.g., a value greater than 0 for the peer-initiation
> computer-initiation contrasts is evidence that there is greater VS functional con-
nectivity during the peer compared to the computer initiation trials). The models in
Aim 1 also control for participant age, condition-specific head motion, and full-scale
IQ. In Aim 2, we examine group differences between the ASD group and an age-
and sex-matched NT sample. Here our fixed effect of interest is how group member-
ship effects the outcome contrast value, while also controlling for participant age,
condition-specific head motion, and full-scale IQ. In Aim 3, we examine individual
differences within the entire sample (all NT and ASD). Here our fixed effects of inter-
est are participant age, participant reports on the post-scan questionnaire and scores
on the SRS, while also controlling for group membership, participant age, condition-
specific head motion, and full-scale IQ. With respect to the post-scan questionnaire,
we had one relevant question for each condition of interest (i.e., peer-initiation,
computer-initiation, peer-agree, peer-away, computer-agree, computer-away). Since
our outcome measures for each BML are a functional connectivity contrast β value,
we converted the post-scan responses into contrast values as well. That is, for
the outcome contrast of peer-initiation > computer-initiation, we subtracted the
post-scan question corresponding to how much participants wanted to see the peer’s
response from how much participant’s wanted to see the computer’s response. Thus,
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each functional connectivity contrast had a corresponding explanatory behavioral
contrast. All quantitative variables (i.e., age, head motion, IQ, post-scan reports,
and SRS) were mean-centered and the factor of group was coded as 0 for the ASD
group and 1 for the NT group. The results from each model are presented as the
posterior distribution surrounding each effect of interest for each ROI. If the 95%
quantile interval does not include 0 then we interpret this result as reasonable evi-
dence that the contrast β outcome is modulated by the effect of interest.
2.9 Exploratory Whole Brain Analysis
We then followed up our ROI analysis with an exploratory whole brain anal-
ysis to examine whether VS functional connectivity was modulated within regions
outside our a priori ROIs. All first-level voxelwise functional connectivity maps
were entered into a second-level analysis (peer-computer initiation, main effect of
partner reply, main effect of reward contingency, partner type by contingency inter-
action, peer agree-away, peer-computer agree, peer-computer away, and computer
agree-away). We used a mixed effects multilevel analysis (3dMEMA in AFNI) which
weights the β contrast coefficients by their corresponding t statistics (G. Chen et
al., 2012). All second-level group functional connectivity maps were then thresh-
olded at a voxelwise p < 0.001 and cluster corrected at k=19 (accounting for spatial
autocorrelation) to ensure a FWE of p <0.05.
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Chapter 3: Results
3.1 Aim 1: Functional Connectivity in the NT Group
3.1.1 Initiation Event
As reported on the post-scan questionnaire, all participants in the final sample
believed that they were chatting with a peer in real-time. During the initiation event
participants were given a cue that signaled which chat partner would participate in
the current trial and then a subsequent self-relevant statement to answer. On the
post-scan questionnaire, we used participant ratings on the questions ”How much
did you want to see (peer’s name or the computer’s) answer to your question” as an
index of motivation to initiate the interaction.
Using a mixed-effects linear model to examine the effect of condition on partic-
ipant reaction time (RT) we found weak evidence that participants in the NT group
responded quicker during the peer compared to the computer trials (βpeer=-0.03,
95% CI [-0.05,0.00], t(62)=-2.09, p <0.05) (Figure 3.1a). Further, as measured on
the post-scan questionnaire, we found that participants reported greater motivation
to see the peer’s response compared to the computer (βpeer=1.29, 95%CI [0.94 1.63]
t(62)=7.25, p <0.001) (Figure 3.1b).
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Figure 3.1: Aim 1 Initiation event behavioral results for NT group. a) Boxplot of reaction time for both the
peer and computer trials. b) Boxplot of self-report post-scan questionnaire ratings of subjective motivation to see
each chat partner’s response. *p <0.05, ***p <0.001
In terms of functional connectivity between the VS and the reward (vmPFC,
amygdala), social-cognitive (dmPFC, TPL, left TPJ, right TPJ, and precuneus),
and control (motor, auditory, and visual) ROIs, we used a Bayesian multilevel model
(G. Chen et al., 2019) which incorporated average 1st-level peer-computer initiation
contrast values from all ROIs within all participants into the same model. For
the current aim, our focus is on the posterior distribution of the model intercept
which denotes the confidence surrounding 1st-level contrast value (peer-computer
initiation, in this case). In addition, the model accounted for the nested nature
of the data (contrast β values within ROIs within participants) and controlled for
fixed-effects of head motion, age, and IQ. For the ROIs within the reward and the
social-cognitive systems, the 95% confidence interval (CI) posterior distributions
surrounding the model intercept overlapped with 0, which suggests little evidence
that the peer condition modulated VS functional connectivity more so than the
computer condition during the initiation event. In addition, we did not detect an
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an effect within the control ROIs. See Figure 3.2a for the posterior distributions for
each ROI and Table A.1 for the mean, standard deviation, and confidence intervals
surrounding the posterior distributions of the intercept. Similar to our ROI findings,
exploratory VS to whole brain functional connectivity analysis did not reveal any
statistically significant clusters for the peer-computer initiation contrast (voxelwise
p <0.001, k=19, FWE=p <0.05).
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Figure 3.2: Aim 1 main model ROI Results. The posterior distributions surrounding the model intercept for
each ROI and contrast are shown for the a) Initiation and b) Reply events. Distribution colors reflect brain systems
and the vertical black line on each distribution reflects a contrast value of 0. Distributions that overlap with 0 are
interpreted as non-significant effects while distributions highlighted with gray and black boxes denote that the 90%




During the reply event, participants received a response from their partner that
either matched the participant’s answer (agree trials; e.g., ”Me too!”, ”Matched”),
showed that the partner received the participant’s answer but could not respond
(away trials; e.g., ”I’m away.”, ”Disconnected”), or did not match the participant’s
answer. The subsequent analysis will only focus on the agree and away trials. On the
post-scan questionnaire, we used participant ratings on the agree questions ”How
did you feel when the (peer’s name) agreed with your answer” / ”How did you
feel when the computer matched your answer” as an index of a subjective feeling of
reward and, for the away questions, ”How did you feel when (peer’s name) was away
and could not respond” / ”How did you feel when the computer was disconnected”









Figure 3.3: Aim 1 reply event behavioral results for NT group. Boxplot of self-report post-scan questionnaire
ratings of reward in response to the different reply conditions of interest. ***p <0.001
Using a mixed-effects model to control for within-participant repeated mea-
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sures, participants in the NT group reported both greater enjoyment from receiving
a response from the peer compared to the computer (βpeer=1.02, 95% CI [0.74,1.29],
t(186)=7.20, p <0.001) and greater enjoyment during the agree compared to the
away responses (βagree=1.95, 95% CI [1.67,2.23], t(186)=13.84, p <0.001). In addi-
tion, we observed a statistically significant interaction between partner and response
type such that the receipt of the reward (e.g., agree trials) was reported as more
rewarding for the peer compared to the computer trials (βinteraction=1.06, 95% CI
[0.66,1.46], t(186)=5.33, p <0.001) (Figure 3.3).
With respect to VS functional connectivity during the reply events, the pos-
terior distributions for the ROIs within the reward and the social-cognitive systems
overlapped with 0, which suggests little evidence that the VS was modulated by
modulated by the presence of the peer (i.e., main effect of partner type), receipt of
reward (i.e., main effect of reward contingency), or an interaction between partner
and contingency type. In addition, we did not detect effects within the control ROIs
for the aforementioned contrasts. See Figure 3.2b for the posterior distributions and
Table A.1 for their corresponding mean, SD, and 95% CIs. Similarly, exploratory
VS to whole brain functional connectivity analysis did not reveal any statistically
significant clusters for the either the main effect of partner type, main effect of re-
ward contingency, or partner type by contingency interaction (voxelwise p <0.001,
k=19, FWE=p <0.05).
Since our main question of interest deals with how a social reward modulates
VS functional connectivity, we followed up our previous model to examine the signif-







Peer Agree > Computer Agree
Peer Away > Computer Away
Computer Agree > Computer Away
Intercept
vmPFC Amygdala dmPFC ATL Left TPJ Right TPJ Precuneus Motor Auditory Visual
Peer Agree > Peer Away 
Figure 3.4: Aim 1 pairwise ROI results. The posterior distributions surrounding the model intercept for each
ROI are shown for each pairwise reply contrast. Distribution colors reflect brain systems and the vertical black line
on each distribution reflects a contrast value of 0. Distributions that overlap with 0 are interpreted as non-significant
effects while distributions highlighted with gray and black boxes denote that the 90% and 95% CIs do not overlap
with 0, respectively. The mean, SD, and 95% CI values for each distribution are in Table A.2.
agree, peer-computer away, and computer agree-away). For the peer agree-away
contrasts (i.e., the receipt of a social reward versus the presence of a social partner),
we did not detect an effect within either the reward, social-cognitive, or control
ROIs. For the peer-computer agree contrast (i.e., the receipt of a social reward
versus a non-social reward), we also did not detect an effect within either the re-
ward, social-cognitive, or control ROIs. For the peer-computer away contrast (i.e.,
the effect of presence of a social partner), we also did not detect an effect within
either the reward, social-cognitive, or control ROIs. And finally, for the computer
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agree-away contrast (i.e., the receipt of a non-social reward), we did not detect an
effect within either the reward, social-cognitive, or control ROIs. See Figure 3.4 for
the posterior distributions and Table A.2 for their corresponding main, SD, and 95%
CIs. Similarly, exploratory VS to whole brain functional connectivity analysis did
not reveal any statistically significant clusters for any of the pairwise reply contrasts
(voxelwise p <0.001, k=19, FWE=p <0.05).
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Figure 3.5: Aim 1 main model effect of age ROI results. The posterior distributions surrounding the effect of
age for each ROI and contrast are shown for the a) Initiation and b) Reply events. Distribution colors reflect brain
systems and the vertical black line on each distribution reflects a contrast value of 0. Distributions that overlap with
0 are interpreted as non-significant effects while distributions highlighted with gray and black boxes denote that the
90% and 95% CIs do not overlap with 0, respectively. The mean, SD, and 95% CI values for each distribution are
in Table A.3.
Given that middle childhood is a time of developmental change in both be-
havior and brain organization, we next examined the effect of age on VS functional
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connectivity (Figure 3.5). For the peer-computer initiation contrast, the 90% CI
of the posterior distribution surrounding the effect of age within the left TPJ was
greater than 0, suggesting some evidence that VS to left TPJ functional connectiv-
ity increases sensitivity to engage with a social partner as a function of age. The
distributions surrounding the effect of age within the other reward, social-cognitive,
and control ROIs all overlapped with 0 (Figure 3.5a). For the main effect of partner
reply, we found that the 90% CI for the dmPFC was greater than 0, suggesting
some evidence that VS to dmPFC functional connectivity increases sensitivity to
a social partner as a function of age. For the main effect of reward contingency,
we did not find evidence that any of the reward, social-cognitive, or control ROIs
exhibited an effect of age. Finally, for the partner by contingency type interaction,
we found that the 90% CI for the effect of age for the amygdala and ATL and the
95% CI for the effect of age for the left and right TPJ were less than 0, suggesting a
negative interaction effect. See Figure 3.5b for the distributions main models within
the reply event and Table A.3 for their corresponding main, SD, and 95% CIs.
To follow up on the partner type of reward contingency interactions with age
seen in Figure 3.5, we then examined the age effects within each pairwise reply
contrast (see Figure 3.6 and Table A.4 for corresponding values). We observed
that the negative directionality and significant partner by contingency interactions
in the amygdala, ATL, and left and right TPJ are driven by both an increase in
VS functional connectivity to the peer away compared to the peer agree replies as
well as an increase in the computer agree compared to the computer away replies.
Exploratory VS to whole brain functional connectivity analysis did not reveal any
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statistically significant clusters for the either the main effect of partner type, main
effect of reward contingency, partner type by contingency interaction, or any of the
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Effect of Age
vmPFC Amygdala dmPFC ATL Left TPJ Right TPJ Precuneus Motor Auditory Visual
Peer Agree > Peer Away 
Figure 3.6: Aim 1 reply pairwise effect of age ROI Results. The posterior distributions surrounding the effect
of age for each ROI are shown for each pairwise reply contrast. Distribution colors reflect brain systems and the
vertical black line on each distribution reflects a contrast value of 0. Distributions that overlap with 0 are interpreted
as non-significant effects while distributions highlighted with gray and black boxes denote that the 90% and 95%
CIs do not overlap with 0, respectively. The mean, SD, and 95% CI values for each distribution are in Table A.4.
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3.2 Aim 2: Functional Connectivity in the ASD Compared to NT
Group
3.2.1 Initiation Event
For the between-group analysis in Aim 2, we used age- and sex- matched NT
and ASD groups. As in the previous aim, all participants believed that they were
chatting in real-time with a peer during the peer trials as reported on the post-
scan questionnaire. Behavioral performance during the Initiation event was similar
between groups such we did not observe group differences in how quickly participants
responded to the self-relevant prompt (βNT=-0.10, 95% CI [-0.24 0.03], t(64)=-
1.45, p =0.15). As in Aim 1, we also observed a similar weak pattern such that
participants tended to respond to the peer trials quicker than the computer trials
(βpeer=-0.03, 95% CI [-0.07 0.00], t(60)=-1.92, p =0.06)(Figure 3.7a). Further, the
interaction term in the above model was not statistically significant (βinteraction=0.42,
95% CI [-0.03 0.07], t(60)=0.82, p =0.42).
With respect to the post-scan questionnaire, we did not observe a main effect
of group affiliation on how motivated participants were to see the response to their
answer (βNT=0.23, 95% CI [-0.33 0.78], t(103)=0.79, p =0.43). However, as in Aim
1, we did find evidence that both groups rated greater motivation to see the peer
compared to the computer’s replies (βpeer=0.84, 95% CI [0.40 1.28], t(60)=3.77,
p <0.001) (Figure 3.7b). In addition, the interaction term was not statistically
significant (βinteraction=0.42, 95% CI [-0.20 1.03], t(60)=1.33, p =0.19).
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Figure 3.7: Aim 2 Initiation event behavioral results for NT and ASD groups. a) Boxplot of reaction time for
both the peer and computer trials. b) Boxplot of self-report post-scan questionnaire ratings of motivation to see
each chat partner’s response. ***p <0.001
To examine group differences in VS functional connectivity during the Ini-
tiation event, we entered all matched-group participant β values from the peer-
computer initiation contrast from all ROIs into a Bayesian multilevel model. Here
our effect of interest is group membership, while also controlling for fixed-effects of
participant age, condition-specific head motion, IQ and random effects of ROI and
participant. Since we coded the ASD group as 0 and the NT group as 1, we interpret
a positive effect of group as a greater contrast β value in the NT group whereas a
negative group effect suggests a greater contrast β value in the ASD group. We did
not detect an effect of group on the peer-computer initiation contrast within any
of the reward, social-cognitive, or control ROIs (see Figure 3.8a for the posterior
distributions for each ROI and Table A.5 for the mean, SD, and 95% CIs surround-
ing the posterior distribution of the effect of group membership). Similar to our
ROI findings, exploratory VS to whole brain functional connectivity analysis did
not reveal any statistically significant clusters for the peer-computer initiation con-
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Figure 3.8: Aim 2 main model group ROI results. The posterior distributions surrounding the effect of group
membership (NT-ASD) for each ROI and contrast are shown for the a) Initiation and b) Reply events. Distribution
colors reflect brain systems and the vertical black line on each distribution reflects a contrast value of 0. Distributions
that overlap with 0 are interpreted as non-significant effects while distributions highlighted with gray and black boxes
denote that the 90% and 95% CIs do not overlap with 0, respectively. Positive values suggest greater contrast values
in the NT group while negative values suggest greater contrast values in the ASD group. The mean, SD, and 95%
CI values for each distribution are in Table A.5.
trast (voxelwise p <0.001, k=19, FWE=p <0.05). Exploratory VS to whole brain
functional connectivity analysis did not reveal any statistically significant clusters
(voxelwise p <0.001, k=19, FWE=p <0.05).
3.2.2 Reply Event
Using a mixed-effects model to control for within-participant repeated mea-















Figure 3.9: Aim 2 Reply event behavioral results for NT and ASD groups. Boxplot of self-report post-scan
questionnaire ratings of reward in response to the different reply conditions of interest. ***p <0.001
groups rated their subjective feeling of reward to each of the four reply types of inter-
est (βNT=0.14, 95% CI [-0.16,0.43], t(60)=0.93, p =0.36) or a 3-way group by part-
ner by contingency interaction (βinteraction=0.16, 95% CI [-0.70,1.00], t(180)=0.37,
p =0.71). Similar to our Aim 1 results, participants in the ASD and NT groups
reported both greater enjoyment from receiving a response from the peer compared
to the computer (βpeer=0.76, 95% CI [0.46,1.06], t(183)=4.97, p <0.001) and greater
enjoyment during the agree compared to the away responses (βagree=1.56, 95% CI
[1.27,1.87], t(183)=10.26, p <0.001). In addition, within both groups we observed a
statistically significant interaction between partner and response type such that the
receipt of the reward (e.g., agree trials) was reported as more rewarding for the peer
compared to the computer trials (βinteraction=0.85, 95% CI [0.43,1.27], t(183)=3.96,
p <0.001) (Figure 3.9).
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Peer Agree > Peer Away 
Figure 3.10: Aim 2 reply pairwise group ROI results. The posterior distributions surrounding the effect of
group membership (NT-ASD) for each ROI are shown for each pairwise reply contrast. Distribution colors reflect
brain systems and the vertical black line on each distribution reflects a contrast value of 0. Distributions that
overlap with 0 are interpreted as non-significant effects while distributions highlighted with gray and black boxes
denote that the 90% and 95% CIs do not overlap with 0, respectively. Positive values suggest greater contrast values
in the NT group while negative values suggest greater contrast values in the ASD group. The mean, SD, and 95%
CI values for each distribution are in Table A.6.
contrast β values for each of the reply events from each ROI from each participant
in a Bayesian multilevel model. As with the Initiation event, our effect of inter-
est here was also group membership while controlling for the fixed-effects of age,
condition-specific motion, IQ, and the random effects of ROI and participant. For
the main effect of partner and contingency types, as well as their interaction, the
posterior distributions surrounding the effect of group membership all overlapped
with 0 for all reward, social-cognitive, and control ROIs, suggesting little evidence
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for a group effect within these contrasts (see Figure 3.8b and Table A.5 for cor-
responding values). However, while the 95% confidence interval for the posterior
distributions on the effect of group did overlap with 0 for the partner by contin-
gency type interaction, we noticed that all distributions suggested a trending effect
such that the interaction contrast was greater in the ASD compared to the NT
group. To examine the directionality of this interaction more closely, we ran models
for each of the pairwise reply contrasts to examine the effect of group membership.
This analysis revealed that the trend toward a group difference in the interaction
contrast is driven primarily by greater VS functional connectivity in the peer com-
pared to the computer agree trials in the ASD group within the vmPFC, ATL,
dmPFC, left and right TPJ, precuneus, and visual ROIs (see Figure 3.10 and Table
A.6). Exploratory VS to whole brain functional connectivity analysis did not reveal
any statistically significant clusters for the either the main effect of partner type,
main effect of reward contingency, partner type by contingency interaction, or any
of the pairwise reply contrasts (voxelwise p <0.001, k=19, FWE=p <0.05).
Given our hypotheses regarding age-related differences, we then conducted an
analysis that examine the effect of age on VS functional connectivity within the
ASD group separately (since the effect of age in the NT group was examined in
Aim 1) (see Figure 3.11 and Table A.7 for corresponding values). Since our ASD
sample (N=31) is much smaller than our full NT sample, we exercise restraint in the
interpretation of these results given that we do not have sufficient power to detect
individual differences. For the peer-computer initiation contrast, we did not detect
any effect of age on VS functional connectivity (Figure 3.11a). For the main effect of
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Main Effect Partner (Peer > Computer)
Main Effect Contingency (Agree > Away)
Partner * Contingency Interaction
a. Initiation
b. Reply
Effect of Age (ASD group only)
vmPFC Amygdala dmPFC ATL Left TPJ Right TPJ Precuneus Motor Auditory Visual
Figure 3.11: Aim 2 main model effect of age ASD ROI results. The posterior distributions surrounding the
effect of age for each ROI and contrast are shown for the a) Initiation and b) Reply events. Distribution colors
reflect brain systems and the vertical black line on each distribution reflects a contrast value of 0. Distributions that
overlap with 0 are interpreted as non-significant effects while distributions highlighted with gray and black boxes
denote that the 90% and 95% CIs do not overlap with 0, respectively. The mean, SD, and 95% CI values for each
distribution are in Table A.7.
partner type, the 95% CI of the posterior distribution surrounding the effect of age
was greater than 0 in the dmPFC, whereas the 90% CI was greater than 0 in the left
TPJ and the three control ROIs (motor, auditory, and visual). Finally, the 90% CI
was less than 0 for the interaction term for the partner type by reward contingency
interaction (Figure 3.11b).
The main model analysis was followed by an examination of the effect of
age on VS functional connectivity within each of the pairwise reply contrasts (see







Peer Agree > Computer Agree
Peer Away > Computer Away
Computer Agree > Computer Away
Effect of Age (ASD group only)
vmPFC Amygdala dmPFC ATL Left TPJ Right TPJ Precuneus Motor Auditory Visual
Peer Agree > Peer Away 
Figure 3.12: Aim 2 reply pairwise effect of age ASD ROI results. The posterior distributions surrounding
the effect of age for each ROI are shown for each pairwise reply contrast. Distribution colors reflect brain systems
and the vertical black line on each distribution reflects a contrast value of 0. Distributions that overlap with 0 are
interpreted as non-significant effects while distributions highlighted with gray and black boxes denote that the 90%
and 95% CIs do not overlap with 0, respectively. The mean, SD, and 95% CI values for each distribution are in
Table A.8.
connectivity increased as a function of age for the peer-computer away contrast
within the amygdala, dmPFC, left TPJ, and motor ROIs (95% CI) and the ATL,
right TPJ, precuneus, auditory, and visual ROIs (90% CI). In addition, the 90%
CI within the dmPFC for the computer agree-away contrast was greater than 0.
Exploratory VS to whole brain functional connectivity analysis did not reveal any
statistically significant clusters for the either the main effect of partner type, main
effect of reward contingency, partner type by contingency interaction, or any of the
pairwise reply contrasts (voxelwise p <0.001, k=19, FWE=p <0.05).
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3.3 Aim 3: Functional Connectivity and Individual Differences.
3.3.1 Post Test Ratings
We next examined how VS functional connectivity was modulated by individ-
ual differences in participant’s subjective reports of the motivation to engage with
each chat partner as well as individual differences in autistic traits. For this analysis
we created a behavioral contrast score using the relevant post test ratings for each
functional connectivity contrast. To examine the effect of post test reports of social
motivation, we subtracted the post scan ratings for ”How much did you want to
see (peer’s name)’s response to your question?” from the question ”How much did
you want to see the computer’s answer to your question?” to create a peer-computer
behavioral contrast. We then used this behavioral contrast to predict peer-computer
initiation functional connectivity while controlling for fixed effects of age, condition-
specific motion, and IQ as well as the random effects of participant and ROI. The
posterior distribution surrounding the effect of the behavioral contrast for all reward,
social-cognitive, and control regions overlapped with 0, suggesting little evidence for
an effect (see Figure 3.13a and Table A.9 for corresponding values).
For the reply event, we created behavioral contrasts from the questions ”How
did you feel when (peer’s name) agreed with your answer?” (peer agree), ”How did
you feel when (peer’s name) was away and could not respond?” (peer away), ”How
did you feel when the computer matched your response?” (computer agree), and
”How did you feel when the computer was disconnected?” (computer away). For
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Main Effect Partner (Peer > Computer)
Main Effect Contingency (Agree > Away)
Partner * Contingency Interaction
a. Initiation
b. Reply
Effect of Post Test
vmPFC Amygdala dmPFC ATL Left TPJ Right TPJ Precuneus Motor Auditory Visual
Figure 3.13: Aim 3 main model post test ROI results. The posterior distributions surrounding the effect of
post test ratings for each ROI and contrast are shown for the a) Initiation and b) Reply events. Distribution colors
reflect brain systems and the vertical black line on each distribution reflects a contrast value of 0. Distributions that
overlap with 0 are interpreted as non-significant effects while distributions highlighted with gray and black boxes
denote that the 90% and 95% CIs do not overlap with 0, respectively. The mean, SD, and 95% CI values for each
distribution are in Table A.9.
the main effect of partner we created a behavioral contrast as defined by (peer agree
+ peer away) - (computer agree + computer away). For the main effect of contin-
gency we created a behavioral contrast as defined by (peer agree + computer away) -
(peer away + computer away). And for the interaction term we created a behavioral
contrast as defined by (peer agree - peer away) - (computer agree - computer away).
We did not detect any significant effects of the post test behavioral contrasts on
the VS functional connectivity contrasts (see Figure 3.13b and Table A.9 for corre-







Peer Agree > Computer Agree
Peer Away > Computer Away
Computer Agree > Computer Away
Effect of Post Test
vmPFC Amygdala dmPFC ATL Left TPJ Right TPJ Precuneus Motor Auditory Visual
Peer Agree > Peer Away 
Figure 3.14: Aim 3 reply pairwise post test ROI results. The posterior distributions surrounding the effect of
post test ratings for each ROI are shown for each pairwise reply contrast. Distribution colors reflect brain systems
and the vertical black line on each distribution reflects a contrast value of 0. Distributions that overlap with 0 are
interpreted as non-significant effects while distributions highlighted with gray and black boxes denote that the 90%
and 95% CIs do not overlap with 0, respectively. The mean, SD, and 95% CI values for each distribution are in
Table A.10.
the post test behavioral contrasts on the pairwise reply VS functional connectivity
contrasts. Only one marginal effect was seen (CI 90% less than 0) in the precuneus
for the peer-computer away contrast (see Figure 3.14 and Table A.10 for correspond-
ing values). Exploratory VS to whole brain functional connectivity analysis did not
reveal any statistically significant clusters for the either the main effect of partner
type, main effect of reward contingency, partner type by contingency interaction, or
the pairwise reply contrasts (voxelwise p <0.001, k=19, FWE=p <0.05).
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3.3.2 Social Responsiveness Scale
To examine the effect of individual differences in autistic traits on VS func-
tional connectivity, we used scores from the parent report SRS questionnaire (Constantino
& Todd, 2003). We first used the SRS social motivation sub-scale to predict the
peer-computer initiation functional connectivity contrast, while controlling for fixed
effects of age, condition-specific motion, and IQ as well as the random effects of par-
ticipant and ROI. In this model, we detected that the 90% CIs for the precuneus,
auditory, and visual ROIs were greater than 0, suggesting some evidence that greater
social motivation on the SRS predicted greater VS functional connectivity in these
ROIs for the peer compared to the computer initiation event (see Figure 3.15a and
Table A.11 for corresponding values). Then, for the main model reply events, we
used the total raw score on the SRS as an index of autistic traits. In this analysis
the posterior distributions surrounding the effect of SRS on functional connectivity
were non-significant in all ROIs for the main effect of partner, main effect of con-
tingency, and the partner type by reward contingency interaction (see Figure 3.15b
and Table A.11 for corresponding values).
In addition, we followed this analysis up to examine the effects of the SRS
total raw score on the pairwise reply VS functional connectivity contrasts. Here, we
did not observe an effect of SRS scores on any of the pairwise functional connectiv-
ity contrasts (see Figure 3.16 and Table A.12 for corresponding values). Similarly,
exploratory VS to whole brain functional connectivity analysis did not reveal any
statistically significant clusters for the either the main effect of partner type, main
45
Reward











Main Effect Partner (Peer > Computer)
Main Effect Contingency (Agree > Away)




vmPFC Amygdala dmPFC ATL Left TPJ Right TPJ Precuneus Motor Auditory Visual
Figure 3.15: Aim 3 main model SRS ROI results. The posterior distributions surrounding the effect of SRS for
each ROI and contrast are shown for the a) Initiation and b) Reply events. Distribution colors reflect brain systems
and the vertical black line on each distribution reflects a contrast value of 0. Distributions that overlap with 0 are
interpreted as non-significant effects while distributions highlighted with gray and black boxes denote that the 90%
and 95% CIs do not overlap with 0, respectively. The mean, SD, and 95% CI values for each distribution are in
Table A.11.
effect of reward contingency, partner type by contingency interaction, or the pair-
wise reply contrasts (voxelwise p <0.001, k=19, FWE=p <0.05). Exploratory VS
to whole brain functional connectivity analysis did not reveal any statistically sig-
nificant clusters for the either the main effect of partner type, main effect of reward
contingency, partner type by contingency interaction, or any of the pairwise reply







Peer Agree > Computer Agree
Peer Away > Computer Away
Computer Agree > Computer Away
Effect of SRS
vmPFC Amygdala dmPFC ATL Left TPJ Right TPJ Precuneus Motor Auditory Visual
Peer Agree > Peer Away 
Figure 3.16: Aim 3 reply pairwise SRS ROI results. The posterior distributions surrounding the effect of SRS
for each ROI are shown for each pairwise reply contrast. Distribution colors reflect brain systems and the vertical
black line on each distribution reflects a contrast value of 0. Distributions that overlap with 0 are interpreted as
non-significant effects while distributions highlighted with gray and black boxes denote that the 90% and 95% CIs
do not overlap with 0, respectively. The mean, SD, and 95% CI values for each distribution are in Table A.12.
47
Chapter 4: Discussion
The purpose of this dissertation was to examine the functional relationship
between the ventral striatum (VS) and regions of the reward and social-cognitive
brain systems while participants engaged in a real-time social interaction. We use a
novel Bayesian multilevel modeling method (G. Chen et al., 2019) to efficiently infer
our effects-of-interest while removing the classic issues surrounding multiple com-
parisons in neuroimaging data. In Aim 1, we sought to characterize VS functional
connectivity while participants shared self-relevant information about themselves
with a peer and during the receipt of a social reward within a sample of child partic-
ipants who are neurotypical (NT). In Aim 2, we examined group differences between
a sample of participants diagnosed with autism spectrum disorder (ASD) and an
age-, sex-, and IQ-matched NT sample (N = 31 in each group). Finally, in Aim
3 we removed the ASD and NT group distinction and took a dimensionality per-
spective through examining VS functional connectivity as a function of participant’s
subjective reports of social motivation and social reward, as well as parent-report
of participant autistic traits within the entire sample.
Overall, while we found some limited evidence that the VS is modulated by a
rewarding social interaction, our findings largely did not support our initial hypothe-
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ses. We did not find evidence in the NT group that sharing self-relevant information
with a peer or that the receipt of an interactive social reward modulated functional
connectivity between the VS and other regions of the reward and social-cognitive
systems. We also observed that VS functional connectivity increased as a function
of age within the trials where the peer could not respond (peer-away) and the tri-
als where the computer matched the participant’s response (computer agree), both
of which are inconsistent with the extended common currency framework on which
our hypotheses are grounded (Ruff & Fehr, 2014). With respect to group differences
between the ASD and NT groups, we found that the ASD group exhibited greater
VS functional connectivity to a social reward compared to the NT group within
regions of both the reward and social-cognitive systems, a finding that may be in-
consistent with the hypothesis that those with ASD may experience a blunting in
reward response to social rewards (Chevallier et al., 2012). Finally, using a dimen-
sional approach, we did not find that individual differences in subjective report of
social motivation or social reward, as well as autistic traits modulated VS functional
connectivity during either phases of our task.
4.1 Extended Common Currency Schema
The extended common currency schema posits that higher-order regions of
the social brain (e.g., TPJ, dmPFC, ATL, precuneus) will exert influence onto the
domain-general value representation system (e.g., VS, vmPFC, amygdala) during
the processing of rewarding social stimuli (Ruff & Fehr, 2014). While the foun-
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dation of this schema rests on the both the similarity in neural resources used for
processing social and non-social rewards within regions of the value representation
system (Chavez & Heatherton, 2015; Wake & Izuma, 2017) and the activation of
regions implicated in social processing during social rewards (Morishima et al., 2012;
Nicolle et al., 2012; van den Bos et al., 2013), recent work has also begun to exam-
ine the nature of this influence using functional connectivity methods. This limited
literature suggests that regions implicated in reward and social-cognitive processing
become integrated when participants pay money to view attractive faces (Smith et
al., 2014), during a socially-mediated auction (van den Bos et al., 2013), and while
participants made charitable donations (Hare et al., 2010; Janowski et al., 2013).
In the current study we found that both sharing self-relevant information with
a social partner and the receipt of a real-time social reward did not modulate reward-
to-social-cognitive system functional connectivity in either our NT or ASD samples.
While our results are inconsistent with the predictions of the extended common
currency schema, all aforementioned studies of connectivity find greater connectiv-
ity between reward and social regions within the context of tasks that involve both
monetary as well as social processing (Hare et al., 2010; Janowski et al., 2013; Smith
et al., 2014; van den Bos et al., 2013). Thus, one possible explanation for the cur-
rent results is that our task did not involve monetary processing in any capacity.
Although previous work has shown that sharing self-relevant information is intrinsi-
cally rewarding (Tamir & Mitchell, 2012; Wagner et al., 2015) and that both inter-
active (Warnell et al., 2017) and non-interactive social rewards (see Bottini, 2018 for
review) are associated with greater activation in regions implicated in reward and
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social-cognitive processing, perhaps the reward-to-social-cognitive functional con-
nectivity seen in previous studies is driven by the fact that the social processing
tasks that included a monetary component.
While the current study is the first to examine functional connectivity between
regions of the reward and social-cognitive brain systems within a non-monetary so-
cial reward task, our task cannot address the possible independent or emergent
effects associated with monetary, social, and social monetary tasks. To precisely
evaluate the extended common currency schema, future work should seek to dis-
entangle the relative contributions and interactions between monetary and social
rewards. Further, the previous work that examines functional connectivity between
reward and social regions typically examine connectivity between the vmPFC, not
the VS (Hare et al., 2010; Janowski et al., 2013; Smith et al., 2014; van den Bos et
al., 2013). Only one study has examined connectivity between the VS specifically
and regions of the social brain (van den Bos et al., 2013). Thus, given the vmPFC’s
role in the conversion of a reward stimulus into a subjective hedonic value (Levy &
Glimcher, 2012), perhaps greater reward-to-social-cognitive connectivity would be
seen in the interactive chat task using the vmPFC as a seed region, whereas reward
processing in the VS may be confounded with the VS’s role in salience detection.
4.2 The Function of the Ventral Striatum
The VS is typically cited as a hub of reward (Haber & Knutson, 2010; Sesack
& Grace, 2010) and motivational processing (Sescousse et al., 2015) whose response
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signals the presence of a rewarding stimuli in one’s environment (Levy & Glim-
cher, 2012). Further, response in the VS parametrically increases as a function of
subjective reward value (see Levy & Glimcher, 2012 and Sescousse et al., 2015 for
reviews). However most studies cannot disentangle whether response in the VS is
due to reward value per se or the general salience of rewarding stimuli (Bossong &
Kahn, 2016; Jensen et al., 2007). Indeed, the VS has also been shown to encode the
salience of both monetary losses as well as gains (Cooper & Knutson, 2008; Jensen
et al., 2007), suggesting that response in this region may not be specific to only
positive aspects of motivation and/or reward processing. Consistent with this view,
one recent meta-analysis found that the VS was associated with psychological terms
such as ’incentive’, ’success’, ’rewards’, as well as ’losses’ (Pauli et al., 2016). With
respect to social stimuli, the VS responds to salient changes in static social stimuli
above the social reward of seeing a smiling face (Schmidt et al., 2018), as well as to
both social reward and avoidance of social punishment (Kohls et al., 2013). Thus,
while the common currency schema (Ruff & Fehr, 2014) predicts an increase in the
response in and/or functional connectivity with the domain-general valuation re-
gions to rewarding social stimuli, the VS’s role within the brain’s salience-detection
system cannot be ignored.
In the current study we did not find evidence for increased VS connectivity
with other regions of the reward and social-cognitive system during the receipt of an
interactive social reward. However, while we hypothesized that a positive response
from a peer would elicit greater VS functional connectivity, it is possible that the
salience of the other response outcomes obscured the relative effect of the social
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reward. For example, in the peer agree-away contrast the peer-agree and peer-
away conditions may have both been equally salient such that while the receipt of
a social reward may be salient, the unexpected absence of a social partner is salient
as well. In our lab’s activation analysis of the current task, greater activation was
seen in regions implicated in social cognition (e.g., TPJ, ATL) during the peer away
compared to the computer away responses (Warnell et al., 2017). Thus, if the VS is
involved in salience detection and both peer responses are salient (but in different
ways) then we may not see differences in VS functional connectivity between the
peer agree and peer away responses.
Further, with respect to the computer responses, our task may have a similar
confound such that the computer agree trials could be salient due to the participants
receiving a ”Matched!” response whereas the computer away trials may be salient
because participants are surprised by the fact that the computers in a hi-tech MRI
facility would be ”Disconnected”. Future work should differentiate social salience
versus social reward in evaluating the extended common currency schema, perhaps
through subjective reports of each construct. While the current study sought to
examine the relationship between subjective reports of the feeling of reward, our
post-scan questions were not structured to disentangle reward from salience.
4.3 Increased Connectivity with Age
While our results did not provide evidence that functional connectivity be-
tween the VS and regions within the reward and social-cognitive systems increased
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while sharing self-relevant information with a peer and during the receipt of an
interactive social reward at the group level, we did find evidence of age-related dif-
ferences in VS connectivity in both the NT and ASD groups. In the NT group, we
found that connectivity between the VS and the left TPJ increased as a function
of age while sharing self-relevant information with a peer. This finding provides
some evidence that the social-to-reward system coupling outlined in the extended
common currency schema (Ruff & Fehr, 2014) may increase with age. Further, age-
related increases in activation have been seen in regions within regions of the social
brain in response to an interactive social partner (Warnell et al., 2017), as well as
neural specialization for mental state representation (Gweon et al., 2012; Saxe et
al., 2009). One possible explanation is that as children’s social worlds expand (Carr,
2017), the intrinsic reward of sharing self-relevant information (Tamir & Mitchell,
2012) becomes coupled with one’s tracking of a social partner’s mental state. While
the previous finding is consistent with the extended common currency framework,
our age-related findings during the reply event were counter to what we predicted.
In both the NT and the ASD groups, our results provide evidence that VS
functional connectivity increased with age within regions of both the reward and
social-cognitive brain systems during the peer away compared to the computer away
replies While these findings are contrary to our hypotheses, they are consistent
with the aforementioned view of the VS’s function in salience detection. Previous
activation analysis suggests that the absence of a social partner increases response in
regions of the social brain (Warnell et al., 2017) and that a social context modulates
age-related differences in both the VS and dmPFC during a gambling task (Braams
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et al., 2014). Thus, in terms of greater connectivity during the peer away compared
to the computer away responses, one interpretation is that the VS could be signaling
the salience of the absence of the social partner while regions implicated in social-
cognitive processing are tracking the mental state of the absent partner.
Further, while we found an increase in VS connectivity within the reward
regions (i.e., vmPFC and amygdala) with age during the computer agree compared
to the computer away replies, we also found age-related increases within the social-
cognitive and control regions as well. In terms of the reward system connectivity,
this could be consistent with previous work that suggests that response within the
VS increases in reward sensitivity with age (Schreuders et al., 2018), however, given
that we observed an increase in connectivity with age in all regions including the
control regions, we cannot be confident in the specificity of this effect.
4.4 Evaluation of the Social Motivation Theory of ASD
The social motivation theory predicts atypical response within the reward
system to social rewards in those with ASD (Chevallier et al., 2012) and, taken
together with the extended common currency schema (Ruff & Fehr, 2014), atypical
social reward processing in ASD may be indexed through differences in reward-to-
social-cognitive system functional connectivity However, we did not find evidence
for this hypothesis in our results. Our findings do not suggest that functional con-
nectivity was less (relative to NT controls) while participants with ASD shared
self-relevant information with a peer or during the receipt of an interactive social
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reward. Further, we did not find that VS connectivity decreased as a function of
autistic traits. We did, on the other hand, find contrary evidence such that the VS
exhibited increased functional connectivity with reward and social-cognitive regions
during a social reward (i.e., peer-computer agree) in the ASD group. While this
suggests greater integration of the reward and social-cognitive systems during a so-
cial reward in ASD, there were no group differences in self-report feelings of reward
in response to the peer agree compared to the computer agree reply.
Our results are consistent through the lens of recent criticism of the social
motivation theory, which suggests that those with ASD do not exhibit blunted social
motivation or social reward (Jaswal & Akhtar, 2018). This critical work views the
social motivation theory as an artifact of the field’s neurotypical perspective on
social reward processing and that there may be alternative interpretations of the
classic metrics used to index social motivation and reward. The assumption behind
many behavioral measures, such as eye contact and social approach, are that they
index one’s social interest, social motivation, and social reward, however, based on
autistic testimony, this assumption is demonstrably false (Jaswal & Akhtar, 2018).
For example, those with ASD may make less eye contact because they are processing
a social interaction differently compared to neurotypical individuals (e.g., focusing
more on speech rather than eyes)(Moriuchi et al., 2017; Rice et al., 2012), not
because they are less motivated to interact or less rewarded from the interaction
(Jaswal & Akhtar, 2018).
Taking another perspective, while the task in the current study involves a novel
and interactive social interaction, it is possible that the features of the task are such
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that those with ASD (or higher autisitc traits) may not show behavioral or neural
blunting in response to a social partner. Social deficits in ASD are often exacerbated
by real-world, naturalistic contexts (Schilbach et al., 2013) and are often observed
through atypical use of speech, gesture, and/or eye contact (American Psychiatric
Association, 2013; Jaswal & Akhtar, 2018). However in the current study, the inter-
active chat task is text-based and did not involve face-to-face communication. Thus,
it is possible that the current task is actually a social interaction stripped of the fea-
tures that cause those with ASD difficulty. Consistent with this interpretation, those
with ASD often report that social interactions through abstracted, text-based media
(such as the Internet) are more comfortable than in-person interactions (Mazurek,
2013; Penny & P, 2009; Ward et al., 2018).
4.5 Social Reward Processing and Timescale
Finally, to fully appreciate the how multiple brain systems work together to
processes social motivation and social reward, researchers must examine the nature
of both within- and between-system dynamics. The cerebral cortex is organized as
a complex network that processes information across multiple timescales (Hasson
et al., 2008; Kiebel et al., 2008). For example, primary sensory cortices respond to
rapid changes in incoming sensory information whereas higher-order cortices may
accumulate information over longer timescales (e.g., from seconds to minutes to
hours prior) (J. Chen et al., 2016; Hasson et al., 2008; Honey et al., 2012). Previous
work has found that regions sensitive to information presented at long timescales
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are topographically similar to the same regions implicated in the default mode net-
work and social-cognitive processing (e.g., TPJ, precuneus, dmPFC) (J. Chen et al.,
2016; Hasson et al., 2010). However, while the relationship between cortical tem-
poral hierarchy and social-cognitive processing has yet to be characterized in the
brain (Moraczewski et al., in prep), understanding other people in the real world
certainly requires the integration of information across multiple timescales (Hasson
& Honey, 2012; Koster-Hale & Saxe, 2013; Zaki & Ochsner, 2009). Thus, to repre-
sent a potentially rewarding social interaction one must integrate incoming sensory
information (e.g., speech, facial expression) with knowledge of the context of the
interaction and one’s history (or lack thereof) with their social partner (e.g., long
timescale information).
While determining the nature, mechanism, and psychological function of these
diverse neural timescales is an active area of research (Chaudhuri et al., 2015; Deco
et al., 2019; Hasson et al., 2015; Himberger et al., 2018; Honey et al., 2012; Mur-
ray et al., 2014; Watanabe et al., 2019), much of this work focuses solely on the
functional organization of the cortex, which ignores the contributions of subcorti-
cal structures to overall brain dynamics (Bell & Shine, 2016; J. Liu et al., 2015).
With respect to reward processing and neural timescale, little is known regarding
how timescale informs VS response to rewards in humans. In order to detect rapid
alterations in the reward and/or salience landscape, the VS must respond to stimuli
at very quick timescales (van der Meer et al., 2010), though previous work suggests
that not all stimuli are equal across time. One study found that, as rats became
more proficient and a task becomes more predictable, rapid VS response to rewards
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diminished (van der Meer & Redish, 2009). However, while the correlation between
electrocortical activity (using EEG) and the BOLD signal in the VS has been es-
tablished in humans (Carlson et al., 2011), less is known regarding the relationship
between VS BOLD activation, reward processing, and timescale. Further, previous
work suggests differential phasic relationships between cortical and subcortical cir-
cuits (Y. Liu et al., 1999; J. Liu et al., 2015) and that this dynamic spatio-temporal
organization of fast and slow timescales may enable complex cognitive phenomena
(Déli et al., 2017).
In the current study, our context-dependent functional connectivity measures
assume that regional co-activation occurs within the same timescale for all regions.
Thus, a possible artifact of the generalized psychophysiological interaction method
is that the interaction terms are defined by setting all time points that do not
occur within a certain post-stimulus window to 0 (McLaren et al., 2012). Our
current methods cannot characterize nuanced dynamics between the VS and regions
that may be accumulating information across longer timescales. For example, if
the VS is responding to transient changes in either reward or salient stimuli and
the social-cognitive system, as long timescale regions, are accumulating information
regarding the participant’s social partner across the entire experiment, then this
could account for our lack of context-dependent differences in connectivity between
these two regions.
To test this hypothesis, future work is needed in multiple areas. First, rather
than assuming that each region functions on the same timescale, researchers should
examine brain network dynamics as a series of nested systems that respond to in-
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formation over multiple timescales, possibly using methods such as inter-subject
functional connectivity (Simony et al., 2016). Second, greater care should be taken
to accurately assess the complex dynamics within- and between-system organization
in general (Ashourvan et al., 2017; Calhoun et al., 2014). And third, such dynamics
need to be better characterized during cognitive tasks (Cole et al., 2019; Venkatesh
et al., 2019). One limitation of the current study is that our event timing was such
that events were too short to accurately estimate such dynamics.
4.6 Conclusion
In conclusion, the current dissertation was the first study to examine the func-
tional relationship between brain systems implicated in reward and social-cognitive
processing in participants who are neurotypical and those with ASD during a real-
time social interaction. We use a novel Bayesian statistical analysis, which pools
data from multiple ROIs to examine the posterior distributions surrounding the
effects-of-interest within our own data, thus removing the issue of multiple com-
parisons and increasing our ability to infer effects. Contrary to our hypotheses,
we found evidence that the reward and social-cognitive systems exhibit age-related
changes in functional connectivity such that they become integrated during the ab-
sence of a social reward and during the receipt of a non-social reward, casting doubt
on the predominant theory of how these systems interact during social reward pro-
cessing. Further, we did not find evidence that those with ASD exhibit atypical
connectivity between reward and social brain systems during a social interaction.
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Our results have important implications for understanding how the neurotypical and
atypical human brain responds to motivating and rewarding social stimuli and un-
derscores the importance of examining multidimensional heterogeneity within- and
between-groups.
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Appendix A: ROI Posterior Distribution Tables
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Table A.1: Aim 1 main model ROI results. Posterior distributions are presented in Figure
3.2. Values in bold and italics denote distributions whose 95% quantile does not overlap with 0
whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βintercept SD 2.5% 97.5%
Peer > Computer Initiation
vmPFC -0.028 0.034 -0.097 0.038
Amygdala -0.014 0.035 -0.081 0.055
ATL -0.013 0.035 -0.081 0.055
dmPFC -0.055 0.040 -0.135 0.020
Left TPJ -0.026 0.035 -0.096 0.042
Right TPJ -0.025 0.034 -0.093 0.042
Precuneus -0.016 0.035 -0.083 0.053
Motor -0.020 0.034 -0.087 0.046
Auditory -0.030 0.034 -0.099 0.037
Visual -0.028 0.034 -0.097 0.038
Main effect Partner
vmPFC -0.169 0.144 -0.465 0.098
Amygdala -0.002 0.117 -0.232 0.231
ATL -0.013 0.117 -0.240 0.218
dmPFC -0.016 0.118 -0.246 0.219
Left TPJ 0.073 0.128 -0.167 0.336
Right TPJ -0.023 0.115 -0.248 0.203
Precuneus -0.024 0.117 -0.256 0.204
Motor -0.027 0.119 -0.201 0.267
Auditory -0.022 0.116 -0.249 0.202
Visual -0.031 0.115 -0.263 0.189
Main effect Contingency
vmPFC -0.018 0.098 -0.205 0.179
Amygdala -0.021 0.099 -0.211 0.178
ATL -0.013 0.098 -0.199 0.188
dmPFC -0.024 0.097 -0.214 0.169
Left TPJ -0.019 0.098 -0.207 0.179
Right TPJ -0.022 0.097 -0.210 0.172
Precuneus -0.034 0.098 -0.227 0.158
Motor -0.048 0.099 -0.247 0.143
Auditory -0.033 0.097 -0.226 0.156
Visual -0.057 0.098 -0.205 0.179
Partner ∗ Contingency
vmPFC 0.089 0.094 -0.093 0.280
Amygdala 0.064 0.094 -0.126 0.245
ATL 0.062 0.094 -0.129 0.244
dmPFC 0.075 0.094 -0.113 0.259
Left TPJ 0.066 0.094 -0.121 0.247
Right TPJ 0.059 0.095 -0.134 0.240
Precuneus 0.083 0.094 -0.100 0.270
Motor 0.083 0.094 -0.101 0.269
Auditory 0.072 0.094 -0.117 0.256
Visual 0.088 0.094 -0.095 0.276
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Table A.2: Aim 1 pairwise reply ROI results. Posterior distributions are presented in Figure
3.4. Values in bold and italics denote distributions whose 95% quantile does not overlap with 0
whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βintercept SD 2.5% 97.5%
Peer Agree > Peer Away
vmPFC 0.034 0.068 -0.097 0.169
Amygdala 0.021 0.067 -0.111 0.150
ATL 0.025 0.066 -0.107 0.155
dmPFC 0.025 0.067 -0.107 0.159
Left TPJ 0.024 0.067 -0.108 0.155
Right TPJ 0.020 0.068 -0.114 0.152
Precuneus 0.026 0.066 -0.105 0.156
Motor 0.021 0.066 -0.110 0.151
Auditory 0.021 0.067 -0.110 0.152
Visual 0.020 0.067 -0.111 0.150
Peer Agree > Computer Agree
vmPFC 0.003 0.071 -0.145 0.137
Amygdala 0.023 0.068 -0.114 0.157
ATL 0.018 0.068 -0.118 0.152
dmPFC 0.025 0.068 -0.110 0.161
Left TPJ 0.041 0.069 -0.091 0.180
Right TPJ 0.017 0.068 -0.119 0.151
Precuneus 0.030 0.068 -0.103 0.166
Motor 0.039 0.069 -0.093 0.180
Auditory 0.022 0.067 -0.113 0.154
Visual 0.030 0.068 -0.101 0.167
Peer Away > Computer Away
vmPFC -0.121 0.094 -0.316 0.048
Amygdala -0.027 0.080 -0.181 0.134
ATL -0.031 0.080 -0.184 0.129
dmPFC -0.050 0.082 -0.210 0.113
Left TPJ 0.008 0.089 -0.157 0.189
Right TPJ -0.029 0.081 -0.184 0.132
Precuneus -0.062 0.080 -0.223 0.094
Motor -0.040 0.079 -0.193 0.121
Auditory -0.047 0.079 -0.202 0.108
Visual -0.066 0.080 -0.316 0.048
Computer Agree > Computer Away
vmPFC -0.052 0.068 -0.188 0.080
Amygdala -0.040 0.069 -0.175 0.099
ATL -0.031 0.070 -0.165 0.115
dmPFC -0.047 0.069 -0.184 0.090
Left TPJ -0.039 0.069 -0.172 0.099
Right TPJ -0.037 0.069 -0.170 0.101
Precuneus -0.057 0.068 -0.196 0.072
Motor -0.066 0.070 -0.213 0.065
Auditory -0.050 0.068 -0.185 0.082
Visual -0.073 0.072 -0.223 0.060
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Table A.3: Aim 1 main model age results. Posterior distributions are presented in Figure 3.5.
Values in bold and italics denote distributions whose 95% quantile does not overlap with 0
whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βage SD 2.5% 97.5%
Peer > Computer Initiation
vmPFC 0.015 0.023 -0.031 0.060
Amygdala 0.001 0.024 -0.047 0.046
ATL -0.005 0.025 -0.053 0.042
dmPFC 0.040 0.025 -0.009 0.089
Left TPJ 0.047 0.026 -0.003 0.098
Right TPJ 0.007 0.024 -0.040 0.052
Precuneus 0.023 0.023 -0.023 0.069
Motor 0.012 0.023 -0.033 0.058
Auditory 0.015 0.023 -0.030 0.060
Visual 0.013 0.023 -0.034 0.059
Main effect Partner
vmPFC 0.122 0.079 -0.029 0.282
Amygdala 0.061 0.074 -0.090 0.202
ATL 0.045 0.077 -0.113 0.188
dmPFC 0.139 0.082 -0.014 0.309
Left TPJ 0.127 0.080 -0.240 0.288
Right TPJ 0.094 0.073 -0.052 0.240
Precuneus 0.074 0.074 -0.075 0.214
Motor 0.061 0.075 -0.090 0.204
Auditory 0.050 0.075 -0.105 0.193
Visual 0.069 0.074 -0.083 0.211
Main effect Contingency
vmPFC 0.091 0.062 -0.011 0.217
Amygdala 0.074 0.063 -0.052 0.196
ATL 0.078 0.062 -0.045 0.199
dmPFC 0.084 0.062 -0.038 0.205
Left TPJ 0.072 0.063 -0.054 0.195
Right TPJ 0.080 0.061 -0.042 0.202
Precuneus 0.078 0.062 -0.045 0.200
Motor 0.083 0.062 -0.038 0.205
Auditory 0.091 0.062 -0.029 0.219
Visual 0.087 0.062 -0.030 0.217
Partner ∗ Contingency
vmPFC -0.102 0.063 -0.224 0.022
Amygdala -0.109 0.062 -0.232 0.012
ATL -0.105 0.062 -0.229 0.018
dmPFC -0.101 0.063 -0.224 0.023
Left TPJ -0.126 0.065 -0.262 -0.004
Right TPJ -0.133 0.067 -0.273 -0.007
Precuneus -0.094 0.063 -0.215 0.036
Motor -0.097 0.063 -0.220 0.028
Auditory -0.094 0.064 -0.217 0.034
Visual -0.100 0.062 -0.222 0.022
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Table A.4: Aim 1 reply pairwise ROI results. Posterior distributions are presented in Figure
3.6. Values in bold and italics denote distributions whose 95% quantile does not overlap with 0
whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βage SD 2.5% 97.5%
Peer Agree > Peer Away
vmPFC 0.002 0.047 -0.087 0.095
Amygdala -0.018 0.047 -0.111 0.073
ATL -0.010 0.046 -0.101 0.080
dmPFC -0.002 0.047 -0.093 0.093
Left TPJ -0.029 0.049 -0.129 0.064
Right TPJ -0.028 0.049 -0.129 0.065
Precuneus -0.005 0.046 -0.095 0.086
Motor -0.003 0.046 -0.093 0.091
Auditory 0.007 0.048 -0.085 0.106
Visual -0.001 0.046 -0.087 0.095
Peer Agree > Computer Agree
vmPFC 0.001 0.045 -0.086 0.094
Amygdala -0.017 0.045 -0.107 0.069
ATL -0.019 0.045 -0.108 0.069
dmPFC 0.008 0.047 -0.080 0.107
Left TPJ -0.008 0.044 -0.094 0.079
Right TPJ -0.020 0.045 -0.111 0.067
Precuneus -0.008 0.044 -0.094 0.080
Motor -0.011 0.044 -0.097 0.075
Auditory -0.011 0.044 -0.098 0.074
Visual -0.011 0.044 -0.098 0.076
Peer Away > Computer Away
vmPFC 0.103 0.053 0.002 0.210
Amygdala 0.084 0.052 -0.017 0.185
ATL 0.073 0.053 -0.035 0.173
dmPFC 0.112 0.055 0.009 0.223
Left TPJ 0.132 0.058 0.026 0.252
Right TPJ 0.119 0.054 0.017 0.230
Precuneus 0.072 0.053 -0.035 0.172
Motor 0.075 0.052 -0.031 0.175
Auditory 0.066 0.054 -0.044 0.168
Visual 0.080 0.052 -0.025 0.180
Computer Agree > Computer Away
vmPFC 0.093 0.043 0.011 0.179
Amygdala 0.088 0.043 0.004 0.172
ATL 0.088 0.043 0.004 0.172
dmPFC 0.089 0.043 0.004 0.174
Left TPJ 0.092 0.043 0.009 0.177
Right TPJ 0.098 0.043 0.014 0.185
Precuneus 0.084 0.043 -0.002 0.167
Motor 0.088 0.043 0.004 0.172
Auditory 0.090 0.043 0.007 0.175
Visual 0.091 0.043 0.007 0.175
66
Table A.5: Aim 2 main model group ROI results. Posterior distributions are presented in Figure
3.8. Values in bold and italics denote distributions whose 95% quantile does not overlap with 0
whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βgroup SD 2.5% 97.5%
Peer > Computer Initiation
vmPFC -0.020 0.062 -0.140 0.105
Amygdala -0.036 0.061 -0.157 0.084
ATL -0.028 0.062 -0.148 0.094
dmPFC -0.035 0.063 -0.160 0.091
Left TPJ -0.012 0.065 -0.134 0.120
Right TPJ -0.038 0.062 -0.160 0.085
Precuneus -0.042 0.062 -0.164 0.080
Motor -0.026 0.061 -0.144 0.096
Auditory -0.047 0.063 -0.173 0.077
Visual -0.039 0.063 -0.164 0.084
Main effect Partner
vmPFC -0.163 0.187 -0.536 0.205
Amygdala -0.109 0.185 -0.462 0.269
ATL -0.149 0.185 -0.516 0.216
dmPFC -0.161 0.187 -0.535 0.202
Left TPJ -0.101 0.190 -0.459 0.291
Right TPJ -0.157 0.183 -0.518 0.202
Precuneus -0.162 0.184 -0.528 0.199
Motor -0.117 0.185 -0.469 0.255
Auditory -0.154 0.183 -0.510 0.210
Visual -0.166 0.184 -0.530 0.195
Main effect Contingency
vmPFC 0.044 0.179 -0.298 0.408
Amygdala 0.012 0.175 -0.328 0.355
ATL 0.005 0.174 -0.337 0.349
dmPFC 0.015 0.175 -0.328 0.359
Left TPJ 0.019 0.175 -0.322 0.364
Right TPJ -0.003 0.175 -0.350 0.339
Precuneus -0.026 0.179 -0.386 0.319
Motor -0.006 0.175 -0.352 0.336
Auditory -0.006 0.175 -0.359 0.335
Visual 0.019 0.178 -0.330 0.373
Partner ∗ Contingency
vmPFC -0.287 0.205 -0.685 0.123
Amygdala -0.285 0.207 -0.686 0.217
ATL -0.311 0.204 -0.710 0.094
dmPFC -0.338 0.211 -0.755 0.072
Left TPJ -0.326 0.207 -0.742 0.078
Right TPJ -0.339 0.210 -0.762 0.069
Precuneus -0.290 0.207 -0.693 0.125
Motor -0.259 0.207 -0.651 0.163
Auditory -0.251 0.209 -0.642 0.175
Visual -0.244 0.211 -0.639 0.187
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Table A.6: Aim 2 reply pairwise group ROI results. Posterior distributions are presented in
Figure 3.10. Values in bold and italics denote distributions whose 95% quantile does not overlap
with 0 whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βgroup SD 2.5% 97.5%
Peer Agree > Peer Away
vmPFC -0.124 0.136 -0.389 0.146
Amygdala -0.140 0.133 -0.418 0.124
ATL -0.152 0.133 -0.418 0.107
dmPFC -0.158 0.135 -0.429 0.103
Left TPJ -0.154 0.134 -0.425 0.106
Right TPJ -0.166 0.136 -0.440 0.094
Precuneus -0.161 0.136 -0.435 0.100
Motor -0.137 0.133 -0.400 0.125
Auditory -0.133 0.134 -0.398 0.132
Visual -0.117 0.137 -0.381 0.160
Peer Agree > Computer Agree
vmPFC -0.221 0.128 -0.473 0.035
Amygdala -0.195 0.131 -0.445 0.072
ATL -0.229 0.127 -0.481 0.022
dmPFC -0.252 0.134 -0.523 0.003
Left TPJ -0.213 0.128 -0.461 0.044
Right TPJ -0.244 0.130 -0.507 0.007
Precuneus -0.230 0.128 -0.483 0.019
Motor -0.191 0.131 -0.441 0.077
Auditory -0.204 0.129 -0.449 0.062
Visual -0.213 0.129 -0.473 0.046
Peer Away > Computer Away
vmPFC 0.049 0.151 -0.257 0.338
Amygdala 0.090 0.149 -0.204 0.384
ATL 0.074 0.148 -0.218 0.365
dmPFC 0.092 0.150 -0.202 0.388
Left TPJ 0.119 0.155 -0.179 0.436
Right TPJ 0.090 0.148 -0.201 0.382
Precuneus 0.058 0.148 -0.241 0.344
Motor 0.070 0.147 -0.225 0.361
Auditory 0.048 0.149 -0.253 0.331
Visual 0.036 0.152 -0.275 0.323
Computer Agree > Computer Away
vmPFC 0.162 0.134 -0.099 0.432
Amygdala 0.148 0.134 -0.120 0.411
ATL 0.158 0.134 -0.102 0.422
dmPFC 0.169 0.136 -0.093 0.442
Left TPJ 0.166 0.136 -0.096 0.439
Right TPJ 0.163 0.136 -0.099 0.433
Precuneus 0.134 0.136 -0.138 0.395
Motor 0.130 0.135 -0.141 0.389
Auditory 0.127 0.136 -0.149 0.387
Visual 0.139 0.135 -0.129 0.406
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Table A.7: Aim 2 reply main model ASD age results. Posterior distributions are presented in
Figure 3.11. Values in bold and italics denote distributions whose 95% quantile does not overlap
with 0 whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βage SD 2.5% 97.5%
Peer > Computer Initiation
vmPFC -0.001 0.022 -0.045 0.043
Amygdala 0.001 0.022 -0.043 0.046
ATL 0.001 0.023 -0.043 0.047
dmPFC 0.002 0.023 -0.041 0.048
Left TPJ -0.004 0.022 -0.049 0.004
Right TPJ -0.005 0.022 -0.050 0.039
Precuneus -0.005 0.023 -0.051 0.039
Motor 0.003 0.022 -0.047 0.041
Auditory -0.003 0.022 -0.047 0.042
Visual 0.000 0.023 -0.044 0.045
Main effect Partner
vmPFC 0.053 0.075 -0.108 0.187
Amygdala 0.101 0.066 -0.030 0.234
ATL 0.078 0.068 -0.061 0.206
dmPFC 0.138 0.072 0.004 0.291
Left TPJ 0.115 0.067 -0.014 0.251
Right TPJ 0.102 0.066 -0.027 0.231
Precuneus 0.085 0.068 -0.055 0.215
Motor 0.121 0.068 -0.008 0.261
Auditory 0.111 0.066 -0.017 0.246
Visual 0.111 0.075 -0.108 0.187
Main effect Contingency
vmPFC -0.035 0.073 -0.187 0.102
Amygdala 0.008 0.068 -0.146 0.125
ATL 0.003 0.068 -0.132 0.138
dmPFC 0.006 0.070 -0.132 0.146
Left TPJ -0.027 0.071 -0.172 0.107
Right TPJ 0.008 0.068 -0.125 0.144
Precuneus 0.013 0.069 -0.122 0.151
Motor 0.010 0.069 -0.123 0.146
Auditory -0.028 0.071 -0.173 0.107
Visual 0.044 0.077 -0.100 0.202
Partner ∗ Contingency
vmPFC -0.125 0.080 -0.285 0.031
Amygdala -0.115 0.080 -0.273 0.041
ATL -0.105 0.080 -0.260 0.057
dmPFC -0.160 0.090 -0.346 0.006
Left TPJ -0.119 0.080 -0.276 0.037
Right TPJ -0.105 0.080 -0.262 0.055
Precuneus -0.105 0.081 -0.261 0.059
Motor -0.111 0.080 -0.267 0.048
Auditory -0.088 0.083 -0.245 0.084
Visual -0.098 0.081 -0.253 0.031
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Table A.8: Aim 2 reply pairwise ASD age ROI results. Posterior distributions are presented in
Figure 3.12. Values in bold and italics denote distributions whose 95% quantile does not overlap
with 0 whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βage SD 2.5% 97.5%
Peer Agree > Peer Away
vmPFC -0.085 0.057 -0.202 0.022
Amygdala -0.069 0.054 -0.175 0.036
ATL -0.058 0.054 -0.162 0.051
dmPFC -0.088 0.058 -0.208 0.021
Left TPJ -0.078 0.055 -0.188 0.029
Right TPJ -0.056 0.055 -0.162 0.055
Precuneus -0.054 0.055 -0.160 0.061
Motor -0.057 0.054 -0.163 0.052
Auditory -0.063 0.054 -0.170 0.043
Visual -0.037 0.058 -0.146 0.084
Peer Agree > Computer Agree
vmPFC -0.029 0.052 -0.140 0.068
Amygdala -0.006 0.048 -0.100 0.090
ATL -0.011 0.048 -0.107 0.084
dmPFC -0.016 0.049 -0.114 0.078
Left TPJ -0.003 0.047 -0.095 0.092
Right TPJ -0.002 0.048 -0.097 0.094
Precuneus -0.008 0.048 -0.103 0.087
Motor 0.004 0.049 -0.091 0.103
Auditory 0.010 0.050 -0.084 0.115
Visual 0.005 0.048 -0.087 0.104
Peer Away > Computer Away
vmPFC 0.091 0.057 -0.026 0.198
Amygdala 0.112 0.055 0.004 0.221
ATL 0.094 0.056 -0.021 0.199
dmPFC 0.156 0.065 0.038 0.293
Left TPJ 0.122 0.055 0.016 0.233
Right TPJ 0.106 0.055 -0.003 0.214
Precuneus 0.097 0.056 -0.016 0.203
Motor 0.117 0.055 0.010 0.226
Auditory 0.101 0.055 -0.011 0.207
Visual 0.105 0.055 -0.003 0.198
Computer Agree > Computer Away
vmPFC 0.049 0.050 -0.051 0.144
Amygdala 0.054 0.049 -0.044 0.149
ATL 0.055 0.049 -0.042 0.153
dmPFC 0.087 0.055 -0.015 0.201
Left TPJ 0.049 0.050 -0.050 0.146
Right TPJ 0.053 0.049 -0.046 0.149
Precuneus 0.060 0.050 -0.038 0.160
Motor 0.058 0.050 -0.039 0.158
Auditory 0.029 0.054 -0.082 0.128
Visual 0.069 0.051 -0.028 0.173
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Table A.9: Aim 3 main model post test ROI results. Posterior distributions are presented in
Figure 3.13. Values in bold and italics denote distributions whose 95% quantile does not overlap
with 0 whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βpost test SD 2.5% 97.5%
Peer > Computer Initiation
vmPFC 0.027 0.020 -0.011 0.066
Amygdala 0.022 0.019 -0.016 0.060
ATL 0.019 0.019 -0.019 0.057
dmPFC 0.033 0.021 -0.008 0.076
Left TPJ 0.024 0.019 -0.014 0.063
Right TPJ 0.008 0.020 -0.033 0.047
Precuneus 0.012 0.020 -0.027 0.051
Motor 0.018 0.019 -0.020 0.056
Auditory 0.013 0.020 -0.027 0.050
Visual 0.012 0.020 -0.028 0.050
Main effect Partner
vmPFC 0.056 0.061 -0.062 0.179
Amygdala 0.048 0.060 -0.071 0.166
ATL 0.056 0.061 -0.062 0.177
dmPFC 0.046 0.061 -0.074 0.167
Left TPJ 0.049 0.060 -0.069 0.168
Right TPJ 0.050 0.060 -0.067 0.166
Precuneus 0.050 0.059 -0.065 0.166
Motor 0.036 0.061 -0.086 0.153
Auditory 0.049 0.060 -0.067 0.166
Visual 0.032 0.062 -0.094 0.149
Main effect Contingency
vmPFC 0.034 0.042 -0.047 0.120
Amygdala 0.021 0.041 -0.061 0.101
ATL 0.028 0.041 -0.051 0.111
dmPFC 0.022 0.041 -0.060 0.102
Left TPJ 0.025 0.041 -0.055 0.106
Right TPJ 0.013 0.043 -0.072 0.095
Precuneus 0.023 0.041 -0.057 0.104
Motor 0.018 0.042 -0.066 0.098
Auditory 0.029 0.042 -0.052 0.114
Visual 0.020 0.042 -0.065 0.102
Partner ∗ Contingency
vmPFC -0.014 0.062 -0.136 0.108
Amygdala -0.002 0.063 -0.122 0.126
ATL -0.023 0.062 -0.145 0.098
dmPFC 0.017 0.068 -0.109 0.158
Left TPJ -0.018 0.062 -0.140 0.102
Right TPJ -0.016 0.062 -0.139 0.107
Precuneus -0.063 0.071 -0.211 0.066
Motor -0.008 0.063 -0.131 0.117
Auditory -0.024 0.062 -0.150 0.095
Visual -0.021 0.062 -0.146 0.101
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Table A.10: Aim 3 pairwise reply post test ROI results. Posterior distributions are presented in
Figure 3.14. Values in bold and italics denote distributions whose 95% quantile does not overlap
with 0 whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βpost test SD 2.5% 97.5%
Peer Agree > Peer Away
vmPFC -0.048 0.056 -0.158 0.062
Amygdala -0.053 0.056 -0.162 0.055
ATL -0.048 0.056 -0.158 0.062
dmPFC -0.062 0.057 -0.176 0.047
Left TPJ -0.045 0.057 -0.153 0.069
Right TPJ -0.067 0.058 -0.184 0.044
Precuneus -0.049 0.056 -0.160 0.062
Motor -0.057 0.056 -0.168 0.052
Auditory -0.045 0.056 -0.153 0.068
Visual -0.044 0.057 -0.155 0.062
Peer Agree > Computer Agree
vmPFC -0.015 0.042 -0.099 0.065
Amygdala -0.001 0.041 -0.080 0.081
ATL -0.007 0.040 -0.086 0.074
dmPFC 0.004 0.043 -0.077 0.070
Left TPJ -0.007 0.040 -0.086 0.073
Right TPJ -0.007 0.040 -0.088 0.072
Precuneus -0.009 0.040 -0.091 0.070
Motor -0.010 0.040 -0.091 0.070
Auditory -0.007 0.040 -0.087 0.072
Visual -0.004 0.040 -0.083 0.077
Peer Away > Computer Away
vmPFC -0.043 0.044 -0.128 0.044
Amygdala -0.038 0.044 -0.123 0.052
ATL -0.048 0.044 -0.134 0.039
dmPFC -0.030 0.046 -0.118 0.064
Left TPJ -0.071 0.046 -0.166 0.015
Right TPJ -0.060 0.044 -0.149 0.024
Precuneus -0.074 0.047 -0.170 0.012
Motor -0.024 0.047 -0.111 0.074
Auditory -0.057 0.043 -0.144 0.027
Visual -0.044 0.043 -0.129 0.042
Computer Agree > Computer Away
vmPFC -0.029 0.039 -0.106 0.047
Amygdala -0.029 0.039 -0.106 0.046
ATL -0.021 0.039 -0.095 0.057
dmPFC -0.027 0.039 -0.104 0.049
Left TPJ -0.026 0.039 -0.102 0.051
Right TPJ -0.024 0.039 -0.099 0.054
Precuneus -0.042 0.042 -0.131 0.035
Motor -0.021 0.039 -0.095 0.058
Auditory -0.026 0.038 -0.103 0.050
Visual -0.010 0.041 -0.087 0.078
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Table A.11: Aim 3 main model SRS ROI results. Posterior distributions are presented in Figure
3.15. Values in bold and italics denote distributions whose 95% quantile does not overlap with
0 whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βSRS SD 2.5% 97.5%
Peer > Computer Initiation
vmPFC 0.004 0.004 -0.004 0.012
Amygdala 0.005 0.004 -0.003 0.013
ATL 0.005 0.004 -0.002 0.013
dmPFC 0.004 0.004 -0.005 0.012
Left TPJ 0.004 0.004 -0.004 0.012
Right TPJ 0.006 0.004 -0.002 0.014
Precuneus 0.007 0.004 -0.001 0.015
Motor 0.005 0.004 -0.003 0.013
Auditory 0.007 0.004 -0.001 0.015
Visual 0.008 0.004 0.000 0.017
Main effect Partner
vmPFC 0.002 0.002 -0.002 0.007
Amygdala 0.001 0.002 -0.003 0.006
ATL 0.002 0.002 -0.003 0.006
dmPFC 0.002 0.002 -0.003 0.006
Left TPJ 0.001 0.002 -0.003 0.005
Right TPJ 0.002 0.002 -0.003 0.006
Precuneus 0.002 0.002 -0.003 0.006
Motor 0.001 0.002 -0.004 0.005
Auditory 0.001 0.002 -0.003 0.005
Visual 0.002 0.002 -0.002 0.006
Main effect Contingency
vmPFC -0.001 0.002 -0.005 0.004
Amygdala 0.000 0.002 -0.004 0.004
ATL 0.000 0.002 -0.004 0.004
dmPFC 0.000 0.002 -0.005 0.004
Left TPJ -0.001 0.002 -0.005 0.003
Right TPJ 0.000 0.002 -0.004 0.004
Precuneus 0.000 0.002 -0.004 0.004
Motor 0.000 0.002 -0.004 0.005
Auditory 0.000 0.002 -0.004 0.004
Visual 0.000 0.002 -0.005 0.004
Partner ∗ Contingency
vmPFC 0.002 0.002 -0.002 0.006
Amygdala 0.001 0.002 -0.003 0.006
ATL 0.023 0.002 -0.003 0.006
dmPFC 0.017 0.002 -0.002 0.007
Left TPJ 0.018 0.002 -0.003 0.006
Right TPJ 0.016 0.002 -0.003 0.006
Precuneus 0.063 0.002 -0.003 0.006
Motor 0.008 0.002 -0.003 0.006
Auditory 0.024 0.002 -0.003 0.005
Visual 0.021 0.002 -0.004 0.005
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Table A.12: Aim 3 pairwise reply SRS ROI results. Posterior distributions are presented in
Figure 3.16. Values in bold and italics denote distributions whose 95% quantile does not overlap
with 0 whereas values in italics denote distributions whose 90% quantile does not overalp wih 0.
Contrast ROI βSRS SD 2.5% 97.5%
Peer Agree > Peer Away
vmPFC 0.000 0.002 -0.003 0.003
Amygdala 0.000 0.002 -0.003 0.003
ATL 0.000 0.002 -0.003 0.003
dmPFC 0.000 0.002 -0.003 0.003
Left TPJ 0.000 0.002 -0.003 0.003
Right TPJ 0.000 0.002 -0.002 0.004
Precuneus 0.001 0.002 -0.002 0.004
Motor 0.001 0.002 -0.002 0.004
Auditory 0.000 0.002 -0.003 0.003
Visual 0.000 0.002 -0.003 0.003
Peer Agree > Computer Agree
vmPFC 0.002 0.002 -0.001 0.005
Amygdala 0.001 0.002 -0.002 0.004
ATL 0.002 0.001 -0.001 0.005
dmPFC 0.002 0.002 -0.001 0.005
Left TPJ 0.001 0.001 -0.002 0.004
Right TPJ 0.002 0.001 -0.001 0.005
Precuneus 0.002 0.001 -0.001 0.005
Motor 0.001 0.002 -0.002 0.004
Auditory 0.001 0.002 -0.002 0.004
Visual 0.001 0.001 -0.002 0.004
Peer Away > Computer Away
vmPFC 0.000 0.002 -0.003 0.003
Amygdala 0.000 0.002 -0.004 0.003
ATL 0.000 0.002 -0.003 0.003
dmPFC -0.001 0.002 -0.004 0.002
Left TPJ -0.001 0.002 -0.004 0.002
Right TPJ 0.000 0.002 -0.003 0.003
Precuneus 0.000 0.002 -0.003 0.003
Motor -0.001 0.002 -0.004 0.002
Auditory 0.000 0.002 -0.003 0.003
Visual 0.000 0.002 -0.003 0.003
Computer Agree > Computer Away
vmPFC -0.001 0.001 -0.004 0.002
Amygdala -0.001 0.001 -0.004 0.002
ATL -0.001 0.001 -0.004 0.002
dmPFC -0.001 0.001 -0.004 0.002
Left TPJ -0.001 0.001 -0.004 0.002
Right TPJ -0.001 0.001 -0.004 0.002
Precuneus -0.001 0.001 -0.004 0.002
Motor -0.001 0.001 -0.003 0.003
Auditory -0.001 0.001 -0.003 0.002
Visual -0.001 0.001 -0.004 0.002
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Braams, B., Peters, S., Peper, J., Güro?lu, B., & Crone, E. (2014). Gambling for
self, friends, and antagonists: differential contributions of affective and social
brain regions on adolescent reward processing. Neuroimage, 100 , 281–289.
Calhoun, V., Miller, R., Pearlson, G., & Adal?, T. (2014). The chronnectome:
time-varying connectivity networks as the next frontier in fmri data discovery.
Neuron, 84 (2), 262–274.
Carlson, J., Foti, D., Mujica-Parodi, L., Harmon-Jones, E., & Hajcak, G. (2011).
Ventral striatal and medial prefrontal bold activation is correlated with reward-
related electrocortical activity: a combined erp and fmri study. Neuroimage,
76
57 (4), 1608–1616.
Carr, A. (2017). Social and emotional development in middle childhood child psy-
chology and psychiatry (Vol. 10). Wiley-Blackwell.
Chaudhuri, R., Knoblauch, K., Gariel, M., Kennedy, H., & Wang, X. (2015). A large-
scale circuit mechanism for hierarchical dynamical processing in the primate
cortex. Neuron, 88 (2), 419–431.
Chavez, R., & Heatherton, T. (2015). Representational similarity of social and
valence information in the medial pfc. J Cogn Neurosci , 27 (1), 73–82.
Chen, G., Saad, Z., Nath, A., Beauchamp, M., & Cox, R. (2012). Fmri group
analysis combining effect estimates and their variances. Neuroimage, 60 (1),
747–765.
Chen, G., Xiao, Y., Taylor, P., Rajendra, J., Riggins, T., Geng, F., . . . Cox, R.
(2019). Handling multiplicity in neuroimaging through bayesian lenses with
multilevel modeling. Neuroinformatics .
Chen, J., Honey, C., Simony, E., Arcaro, M., Norman, K., & Hasson, U. (2016).
Accessing real-life episodic information from minutes versus hours earlier mod-
ulates hippocampal and high-order cortical dynamics. Cereb Cortex , 26 (8),
3428–3441.
Chevallier, C., Kohls, G., Troiani, V., Brodkin, E., & Schultz, R. (2012). The social
motivation theory of autism. Trends Cogn Sci , 16 (4), 231–239.
Cisler, J., Bush, K., & Steele, J. (2014). A comparison of statistical methods for
detecting context-modulated functional connectivity in fmri. Neuroimage, 84 ,
1042–1052.
77
Clements, C., Zoltowski, A., Yankowitz, L., Yerys, B., Schultz, R., & Herrington, J.
(2018). Evaluation of the social motivation hypothesis of autism: A systematic
review and meta-analysis. JAMA Psychiatry .
Clithero, J., & Rangel, A. (2014). Informatic parcellation of the network involved in
the computation of subjective value. Soc Cogn Affect Neurosci , 9 , 1289–1302.
Cole, M. W., Ito, T., Schultz, D., Mill, R., Chen, R., & Cocuzza, C. (2019).
Task activations produce spurious but systematic inflation of task functional
connectivity estimates. NeuroImage, 189 , 1–18.
Constantino, J. N., & Todd, R. D. (2003). Autistic traits in the general population:
a twin study. Archives of general psychiatry , 60 (5), 524–530.
Cooper, J., & Knutson, B. (2008). Valence and salience contribute to nucleus
accumbens activation. Neuroimage, 39 (1), 538–547.
Cox, R. (1996). Afni: software for analysis and visualization of functional magnetic
resonance neuroimages. Comput Biomed Res , 29 (3), 162–173.
de Bie, H., Boersma, M., Adriaanse, S., Veltman, D., Wink, A., Roosendaal, S., . . .
Sanz-Arigita, E. (2012). Resting-state networks in awake five- to eight-year
old children. Hum Brain Mapp, 33 (5), 1189–1201.
Deco, G., Cruzat, J., & Kringelbach, M. (2019). Brain songs framework used for
discovering the relevant timescale of the human brain. Nat Commun, 10 (1),
583.
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